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molten potassinm hydroxide in its action on organic substances, the 
result of which can be accepted only as corroborative evidence in 
questions of constitution when harmonising with those from sources 
less under suspicion. 


Experimental. 

A preliminary experiment showed that the action of fused 
potassium hydroxide on phenylglyceric acid does not give rise to 
eServescence until a temperature approaching 150“ is reached, 
when the odour of toluene is noticeable; thereafter, at about 180°, 
the action becomes difhcult to control, and the pasty mass remaining 
after nine minutes have elapsed in reaching 200° contains potassium 
benzoate and oxalate. More precise conditions were therefore 
defined. 

At a Temperature of 160— 170°.— Ten grams of phenylglyceric 
acid with 50 grams of potassium hydroxide and 20 c.o. of water in a 
retort connected with a condenser were heated during fifty-four 
minutes by a bath of fusible metal at 160—170°, action at first being 
very'vigorous. Toluene (3-3 grams) passed over in tlie steam and, 
when isolated, distilled completely at 110—111° (Pound : C = 91-3; 
H = 8-8. C,Hj requires C = 91'3; H = 8-7 per cent). The 
residue in the retort having been dissolved in water, aliquot parts 
of the solution were examined separately and quantitatively for 
benzoic, and for oxalic and formic acids, the anioimts estimated 
being 0'68, 34, and O' 11 gram respectively; the presence of acetic 
acid was demonstrated qualitatively. Hence the toluene and 
oxalic acid were produced in equivalent amounts, and the extent 
of conversion was about 68 per cent. 

At a Temperature of 240— 250°.— Potassium hydroxide (50 grams) 
and water (20 c.c.) in a nickel crucible wore heated by fusible metal, 
and when the temperature had reached 240—250° phenylglyceric 
acid (10 grams) was added in small quantities with continued 
stirring during twenty minutc.s, liberation of benzoic acid vapour 
being recognisable. The cold, faintly green product was dissolved 
in 150 c.c. of water and acidified with 68 c.c. of hydrochloric acid, 
when benzoic acid was precipitated; the quantity, making allow- 
ance for solubihty in water, amounted to 4 grams, and the filtrate 
contained 3'1 grams of oxalic acid. Thus the acids were produced 
in approximately equivalent amounts, the deficit of benzoic acid 
bemg doubtless due to volatilisation during fu.sion; the extent of 
conversion was about 60 per cent. 

At 170 180 I under Heduced Pressure . — Phenylglyceric acid (5 
grams), potassium hydroxide (25 grams), and water (10 c.c.) were 
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heated in a distilling flask which was evacuated through a con. 
denser. By controlling the temperature of the castor-oil bath at 
170 — 180°, the pressure was maintained during ten minutes at 
25 mm., but this reduction was not reached until almost all the water 
had been removed. The oil which distilled was negligible, and the 
colourless residue in the flask having been extracted with water 
and acidified, fsohydrobenzorn (l-O gram^), benzoic acid (0-2 gram), 
and oxaho acid (1-2 grams) were recognised. Thus the quantity of 
fsohydrobenzoin indicated a conversion of 65 per cent., but the 
amount of oxalic acid, whilst exceeding one equivalent, fell some, 
what short of that corresponding with two molecular proportions. 

Since benzoic acid and iaohydrobenzoin melt at the same tempera- 
ture (121°), identity of the latter substance was established by 
analysis and by determination of molecular weight in boiling 
acetone (Fmmd : C = 78-60; H = 6-59. M = 213. CijHjjO, 
requires C = 78-50; H = 6-54 per cent. M = 214). Thcdiacetyi 
derivative melted at 117 — 118° (Found: 0 = 72-29; H = 6-07. 
CjgHjjOj requires C = 72-48; H -= 6-04 per cent.). 

CuEMICAI. LaBOBATOBY, 

St. Tuomas’s Hospitai., S.E.l. [Received, September iith, 1921.] 


CXCIV. — ovtlio-Chlorodmitrotoluenes. Part IV. 

2-Chloro-Z : i-dinilroioluene. 

By Git.bert T. Morgan and Thomas Glover. 

In an earlier communication (T., 1920, 117, 784) the number oi 
known o.chlorodinitrotoluenes was increased from two to four, 
these isomeridcs being obtained by nitrating o-chlorotoluene or 
its mononitro-derivatives. The remaining two isomerides may also 
occur to a small extent among the crude nitration products, but 
hitherto these compounds have escaped detection. 

2.Chloro-3 : 4-dinitrotoluene (III), melting at 89°, has now been 
prepared indirectly by t.te Sandmeyer reaction from 3 : 1.diiiitro- 
o-toluidine (II), a base recently described by Brady and Wilhams 
(T., 1920, 117, 1137), and with the isolation of this new isomeride 
the three theoretically possible o-dinitro-derivatives of o-chloio- 
toluene have been obtained, so that the reactions of this set of 
closely related isomerides may be compared. 

- When treated with ammonia or aniline, 2-chloro-3 : 4-dimtro- 
toluenc readily furnishes an amine in which the 3-nitro-group is 
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replaced quantitatively by the basic radicle. 2-CMoro-i-nitro-m- 
(ohidine (VI) and 2-chioro-i-nilro-TS-phenyl-m-toluidine (IV) are 
obtained respectively, and the orientation of the amino- and 
phenylamino-groups has been demonstrated by the methods 
summarised in the following diagram : 
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It .is noteworthy that the two consecutively substituted isomer- 
ides, 2-chloro-3 : C-dinitrotoluene and 2-chloro-5 : O-dinitrotoluene, 
having the two contiguous nitro-groups at one end or the other of 
the consecutive series of substituents each lose the interior ( 3 - or 
6 -) nitro-group only and give rise to one amine (IV and VI) when 
treated with ammonia or aniline. On the contrary, 2-chIoro-4 : 5 - 
dinitrotoluene, which has its contiguous nitro-groups separated from 
the other substituents, furnishes on treatment with ammonia a 
mixture of amines, as recently demonstrated (this vol., p. 1537), 
allowing that each nitro-group in this isomcride is possessed of a 
certain degree of lability. 

Hydrazine hydrate reacts with 2-chloro-3 : 4-diiiitrotoluene 
giving i-ddoro-l-hjdroxy-o-mdhyl-X : 2 : 3-heiixotnazok (V), in 
which it is assumed, from analogy with the condensation with 
ammonia, that this diamine replaces the 3 -nitro-group and con- 
denses with the 4-nitro-group to complete the triazole ring. 2 - 
Cddoro-Z : i-tolyknediamim (VllI), obtained by the reduction of 
- c loro-4-nitro-m-toluidine, gives the typical reactions of au ortho- 
diamine, condensing with benzil to yield u-chloro -2 : 3 -dipheuyl- 
b-methylquinoxaline (IX). 

These condensations show that the two nitro-groups in 3 : 4- 

3k2 
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dimtro-o-toluidine are actually in oriAo-positions to one another 
and since the starting point in these researches is 4-nifroocefo-o. 
toluidide (X), it follows that the entrant nitro-group must be in 
position 3 or 5. The latter position is excluded because of the 
simultaneous formation of the isomeric 3 : 4- and 4 : S-dmitro- 
aceto-o-toluidides (I and XI) (Brady and Williams, loc. cit.). The 
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latter acetyl-4 : S-dinitro-derivativc, on hydrolysis, gives 4 : 5. 
dinitro-o-toluidino (XII), which has now (p. 1703) been converted 
into 2-chloro-4 : 5-dinitrotoluene (XIII). Since the other dinitro- 
o-toluidine (11) derived from 4-nitroaccto-o-toluidide (X) leads to 
an ortAo-diamino (VIII), it follows that the entrant nitro-group is in 
position 3. The constitution of the new 2-chloro-3 : d-dinitro- 
toluene is therefore completely demonstrated. 


Expeeimental. 

The nitration of 4-nitroaceto-o-toluidide was carried out by the 
method described by Brady and Williams (Joe. cit.), and the mixture 
of 3 : 4-dinitro- and 4 : S-dinitro-aceto-o-toluidides was hydrolysed 
and separated as follows. Ninety-two grams of the mixture were 
heated for six hours on the water-bath with 360 c.c. of concentrated 
sulphuric acid diluted %vith 720 c.c. of water. The precipitate 
(42 grams) which had separated on cooling was washed successively 
with 50 per cent, sulphuric acid and with water; it was then crystal- 
lised twice from absolute alcohol and twice from 50 per cent, alcohol, 
when purified 3 : 4-dinitro-o-toluidine (32 grams) was obtained, 
melting at 130°. 

The acid filtrate from the crude 3 : 4.dinitro-compound, when 
diluted with water, furnished 17 grams of crude 4 : 5-dinitro-o- 
toluidine, which, after repc. ted crystallisation from alcohol, melted 
at 190°, the yield of purified base being 13 grams. 3 : i-Dinitro- 
aceto-o-toluidide was prepared by adding a drop of concentrated 
sulphuric acid to 1 gram of 3 : 4-dinitro-o-toluidine in 3 c.c. of 
acetic anhydride ; the base dissolved with considerable generation 
of heat and the greater part of the acetyl derivative crystallised out 
immediately. Water was then added and the product crystallised 
repeatedfy from dilute acetic acid, when it separated in brittle, 
yellowish- white needles melting at 186° (Found: N — 17 73. 
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C5H9O5N3 requires N = 17-57 per cent.). 4 : 5-Dinitroacelo-o- 
tduidide, prepared and purified as in the preceding preparation, was 
obtained in colourless needle.s melting at 180“ (Found : N = 17-80 
per cent.). 

2-CMoro-Z : i-dinitrotoluene (III). 

Twenty grams of 3 : 4-dinitro-o-toluidine, 50 c.c. of concentrated 
bydrochloric acid, and 300 c.c. of absolute alcohol were heated on 
the water-bath for thirty minutes and treated with 100 c.c. of 10 
per cent, cuprous chloride, prepared by reducing with copper 
10 grams of copper carbonate in 100 c.c. of concentrated hydro- 
chloric acid. To the warm solution at 70°, .30 grams of .sodium 
nitrite in 100 c.c. of water were slowly added from a tap-funnel 
dipping below the surface of the hquid. The alcohol was evaporated 
ind the residual oil allowed to solidify over-night to a brown mass, 
which was washed -with water, dissolved in absolute alcohol, and the 
solution taken to dryness on the water-bath. The dried residue was 
extracted three times with 60 c.c. of boiling petroleum (b. p. 80°). 
This extract was concentrated to 20 c.c., when an oil separated 
which solidified on cooling. The product, after draining on porous 
tile, was dissolved in 50 c.c. of boiling glacial acetic acid, the solution 
cooled to 60°, and diluted with water until cloudy. The solid which 
separated on cooling was repeatedly submitted to this process with 
acetic acid and water until pure 2-ohloro-3 : 4-dinitrotoluene was 
obtained. The filtrates at each stage of the process were diluted 
further with water to obtain additional crops of the product. 

1- Chlm-S : A-dinitrotduene, obtained by this process of purifica- 
tion, separated in colourless needles melting at 89°; a mixed 
melting point with an equal weight of 2-chloro-4 : 5-dinitrotoluene 
(m. p. 88-5°) gave 55° (Found: hi — 13-28, 13-14; Cl — 10-5S. 
OjHjOjNjCl requires N = 12-93 ; Cl = 16-37 per cent.). 

2- Chloro.3 : 4-dinitrotoluene dissolved readily in acetone, benzene, 
chloroform, or acetic acid, but n-as more sparingly soluble in 
petroleum. The following colour changes rvere observed : with 
warm aqueous sodium hydroxide, yellow (transparent), yellowish- 
brown (tr.), brownish-red (tr.); with alcoholic sodium hydroxide, 
pale green (tr.), dark green (tr.), grecni.sli-black (opaque), brownish- 
black (op.) and after he-ating and leaving for two hours, pale red 
(tr.); mth alcoholic ammonia, faint yellow (tr.). 

2-CAto™-4 ; 5-diiiilrololuene from 4 ; 5-DiiiUro-o-tohddine. 

The foregoing experiment wa.s repeated on 4 : 5-dinitro-o-|oluidine ; 
jhe crude chloro-compound was extracted successively with alcohol, 
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petroleum (b. p. 80°), and dilute acetic acid. Repeated crystallisa- 
tion from the last of these solvents yielded 2-chloro-4 : 5-dinitro- 
toluene in colourless needles melting at 87°. This product was 
identified by a mixed melting point with a specimen obtained by 
nitrating 2-chIoro-4-nitrotoluene. 


Reactions of 2-CMoro ‘i ; 4-dinilrololuene with Bases. 

(1) 2-ChloroA-nilro-m-iohiidinc (VI). — 2-Chloro-3 : 4-dinitrotoIn. 
ene was dissolved and left for fourteen days in about sixty parts 
of absolute alcohol saturated with ammonia. The solution acquired 
a yellow colour, and on dilution with an equal bulk of water gave a 
yellow solid which, after two crystallisations from dilute alcohol, 
separated in lustrous, golden-yellow needles melting at 105°; the 
yield was quantitative (Found : N = 14-94. C^H^OjUjCl requires 
N = 15-02 per cent.). 

2-Chtoro-4-nitro-m-toluidine was readily soluble in alcohol, 
acetone, chloroform, or benzene, but dissolved less readily in light 
petroleum. With alcoholic sodium hydroxide, it gave a deep 
orange-red coloration. 

The substitution of the amino-group for the 3-nitro-radiclc in 
2-chloro-3 : 4-dinitrotoluene was demonstrated in the following 
manner : 2-Chloro-4-nitro-m-toluidino (0-4 gram) was dissolved in 
a mixture of 7 c.o. of concentrated sulphuric acid and 3 c.c. of water; 
0-4 gram of powdered sodium nitrite was added slowly to the mixture 
cooled to —5°. Small fragments of ice were then gradually intro- 
duced, the nitrite dissolved, and when 20 grams of ice -were added 
the diazotisation was complete. The solution wa.s then added to 
20 c.c. of boiling alcohol and the mixture boiled for a few minutes, 
The alcohol was evaporated and the residue distilled in steam. The 
oily distillate solidified, and was identified as 2-chloro-4-nitro- 
toluene by a mi.xed melting point with a standard specimen (m. p. 
05°). The alcoholic distillate and the residue in the distilling-flasi; 
gave further quantities of 2-chloro-4-nitrotoluene, the total yield 
being 70 per cent. 

(2) 2-Chloro-i-niiro-'^i-i,\enyl-va.-l<jduidiHC (IV). — 2-Chloro-3 : 4-di- 
nitrotoluene (0-75 gram) and 2 c.c. of aniline wore dissolved in 50 c.e. 
of absolute alcohol and boiled under reflux for twenty hours. The 
solution became successively yellow and dark red, while a tarry 
product separated. Water and dilute hydrochloric acid were then 
added, the excess of aniline was dissolved, and the solid residue, 
which acquired a pink colour, crystallised in succession from alcohol 
and petAlcum (b. p. 80°) ; the latter solvent did not dissolve the 
tar. The orange-red residue from the petroleum extract was 
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crystallised repeatedly from dilute alcohol, when it separated 
in orange-red needles melting . at 95° (Found : N = 10'78. 
C 13 H 11 O 2 N 2 CI requires N = 10-67 'per cent.). 

2 -Chloro- 4 -nitro-l\l-phenyl-m-toluidine was readily soluble in 
acetone, chloroform, benzene, or alcohol, hut less .soluble in light 
petroleum. In hot concentrated sulphuric acid, this base developed 
successively violet, purplish-red, deep red, and, finally, brownish- 
black colorations. The orientation of the phenylamino-group in 
the preceding base was domonstratcrl as follows : 

2 .Chloro- 4 -nitro-m-toluidine (0-2 gram), 1 c.e. of bromobenzenc, 
0-1 gram of anhydrous potassium carbonate, and a trace of cuprous 
iodide in 10 c.c. of nitrobenzene were boiled under reflux for twenty 
hours. The dark reddish-brown solution was distilled in steam 
to remove nitrobenzene and exces-s of bromobenzene, and the 
residual oil dissolved in absolute alcohol. The alcohoho extract 
was evaporated to dryness and the residue extracted repeatedly 
with hot petroleum (b. p. 80°). This extract was also evaporated 
to dryness and the residue crystallised repeatedly from dilute 
alcohol, when orange-yellow needles were obtained melting at 89°. 
This molting point was not depressed by mixing the product 
with the pure 2-chloro-4-nitro-iV-phenyl-ni-toluidine (m. p. 95°). 
Hence the two preparations give rise to identical siibslanccs and 
the orientation of the -y-phcnylamino-gronp in position 3 is 
confirmed. 

2-t'hloro-3 : 4-diiuti-otoliiene did not condense with wz-nitro- 
aniliiic to give a substituted tolylpbcnylamiuo derivative, in this 
respect differing from 2:3: 4-trinitrotoluene, which condenses 
with ra-nitroanilinc on prolonged heating (Proc. Roy. Irish Jciu/., 
1918, 31, 103). 

(3) i-CUoro-l-hy(lro.ry-5-mdhyl-l : 2 : 'i-hmzotrinzolc. (V). — Hydr- 
azine hydrate (0-5 c.e. of 50 per cent, solution) dissolved in 1-5 c.c. 
of absolute alcohol was added to 0-5 gram of 2-chioro-3 : 4-diiutro- 
toluonc in 4 c.c. of boiling alcohol. The solution reddened, a 
vigorous reaction act in lasting about a minute, and the liquid 
became yellow. On cooling, the mixture became semi-solid from 
the separation of a colourless, crystalline product, which, after 
recrystallisation from absolute alcohol, separated in colourless 
needles decomposing somewhat indefinitely at 218 — 225° (Found : 
X = 32-61. The hydrazine salt, CjHjONjCbXjH,,, of the hydroxy- 
triazcile requires N 32-49 per cent.). 

The concentrated aqueous solution of this hydrazine salt was 
acidified with hydrochloric acid, when the hydroxjdriazole separated. 
It crystallised from dilute alcohol in colourless, hexagpnal plates 
darkening at 208° and melting with vigorous decomposition at 
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210—212'’ (Found ; N = 22-95. C-HsONjCl requires N = 22 88 
per cent.). 

This hydroxylriazole was sparingly soluble in cold water, but 
dissolved readily in alcohol ; its hydrazine salt was very soluble in 
cold water, and sparingly soluble in cold alcohol ; it deflagrated on 
heating. 


i-Ghloro-Z : 4-tolylenediamine (VIII). 

Zinc dust (0-.5 gram) and 0-4 gram of ammonium chloride were 
added to 0-8 gram of 2-chIoro-4-nitro-jB-toluidine in 12 c.c. of 
alcohol and 4 o.o. of water. The mixture was refluxed for thirty 
minutes, another 0-5 gram of zinc dust was added, and the heating 
continued for a further thirty minutes, when the greenish-brown 
liquid had become colourless. The zinc dust was quickly filtered 
and the filtrate cooled in a freezing mixture and saturated with 
hydrogen chloride. The precipitated hydrochloride was dissolved 
in cold, strong, aqueous sodium hydroxide, when the free diamine, 
separated as a light brown oil which quickly solidified. Repeated 
crystallisation from petroleum (b. p. 80°) yielded the diamine in 
pale brown needles melting at 5.5 — 56° (Found : N = 17'93, 
C^HjNjCl requires N = 17-89 per cent.). 

2-Chloro-Z : i-tolyknediamine was very soluble in the ordinarv 
organic media excepting light petroleum ; it was readily oxidised 
when its alcoholic solution wa.s exposed to air. 


^■Chhro-2 : Z-diphenyl-G-melhylqidnoxaline (IX). 

One gram of 2-chloro-4-nitro-M-toluidine was reduced to 2- 
ehIoro-3 : 4-tolyIenediamine and the crude diamine added to 1 gram 
of benzil in 10 c.c. of warm alcohol, the mixture being refluxed for 
one and a half hours. On cooling the yellow solution, the quin- 
oxaline separated as a pale yellow solid which, after two crystallisa- 
tions from alcohol, was obtained in clusters of yeUowish-white 
needles melting at 143° (Found : N = 8-69. CjiHuNjCl requires 
X = 8-47 per cent.). This quinoxaline developed a red coloration 
with cold concentrated sulphuric acid. 

CHE.WICAL Dep.ARTMENT, 

The Ukiversity oe BiRinNuu.AM, 

Eogbaston. [Recpiwd, Odober 5tA, 1021.] 
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CXCV. — Dinaphlha-l : 7 : T ; T-diquinone. 

By Gilbert T. Morgan and Dudley Cloetb Vinko. 

Amhodgh at least six naphthaquinones are theoretically possible, 
only three have so far been isolated, namely, a- or 1 : 4-naphtha- 
quinone, |3- or 1 : 2-naphthaquinone, and amphi- or 2 : 6-naphtha- 
quinone, all of which can be obtained by the oxidation of the 
corresponding dihydroxynaphthalenes. The pen- or 1 : 8-naphtha- 
quinone of Mcldola and Hughes was subsequently shown by 
Liebermann and Schlossberg to be 2 : 2'-dinaphtha-l : 4 : 1' : 4'- 
diquinone {T., 1890, 57, 393, 631 ; Ber., 1899, 32, 546, 868), and 
there is at present little evidence for the existence of derivatives of 
the 1 : 8-quinone (compare Quincke, Ber., 1888, 21, 1460). Deriv- 
atives of 2 : 3-naphthaquinone have been described, for example, 
i ■ chloro - 6 - bromo - 1 - methyl -2:3- naphthaquinone (Fries and 
Kmpson, Ber., 1909, 42, 3375). 

In addition to the three naphthaquinones there are known to be 
two diquinones containing dinaphthyl residues, namely, 1:1'- 
dinaphtha-3 : 4 : 3' : 4'-diquinone (Stenhouse and Groves, Annalen, 
1878, 194, 205 ; T., 1878, 33, 415 ; Zincke and Rathgen, Ber., 1886, 
19, 2483) and 2 : 2'-dinaphtha-l : 4 : 1' : 4'-diquinone (Staub and 
Smith, T., 1885, 47, 104; Chattaway, ibid., 1895, 67, 657; Witt 
and Dedichen, Ber., 1897, 30, 2663; Liebermann and Schlossberg, 
lot. tit. ; Meldola pnd Hughes, foe. cil.). These diquinones are 
produced by oxidising various compounds containing only one 
naphthalene nucleus and indicate a tendency for two naphthyl 
residues to coalesce during oxidation. 

In 1907, Willstiitter and Pamas succeeded in obtaining 2 : 6- 
i naphthaquinone by the oxidation of 2 : 6-dihydroxynaphthalene in 
I hot anhydrous benzene with e.xcess of lead peroxide [Ber., 1907, 

' 40, 1406), but their paper contains no indication as to whether or 
not they extended their investigation to other dihydroxynaphtha- 
lenes which might be expected to furnish the remaining, theoretically 
possible naphthaquinones.* 

* Since this paper was communicated to the Society, Professor Barger 
has kindly lent me (G.T.VI.) a copy of the dissertation by Pamas (hinnich, 
1908), from which it appears th.at oxidation experiments were made on 1 : 7-, 
1 ; 8-, and 1 : 5-dihydroxynapfdhalenes. In the case of the first of these the 
thesis states : 

Bieisuperoxyd wirkt nicht eiii; 03 wurilo bei Oxydationsversuchen 
damit imiucr nur wenig unreincs Ausganginatcrial zuruckgewoimcn ; iiichts 
liefs auf die Bildung eines Chinons schlicfsen.” 

There is also a reference to a transient violet coloration produced by silver 
oxide on the 1 : T-isomeride in othci'eal solution. 

Zs* 
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The experiments recorded in the present research were carried 
out on 1 : 7-dihydroxynaphthalene (I), which on oxidation should 
yield by a rearrangement of single and double linkings the unknown 
1 : 7-naphthaquinone (II) 


OH 


HOj^ 










0 

0=“ “=0' 


(I.) ()i) 


(in.) 


In this case, however, oxidation proceeded a stage further, and 
the product obtained in a yield of about 5 per cent, proved to 
be a nciv diquinone, diiiaphlha-l : 7 : H : T -diquinonef where the 
numbering refers to the original orientation of the quinonoid 
oxygen atoms. It has not been found possible to determine with 
certainty the positions at which the condensation of the two 
naphthalene nuclei has occurred, although the stcrio hindrance 
noticeable in the formation of diiiapIUha-1 : 7 : T : I'-diquinom- 
dioxime, CjijHioOsfNOH)^, suggests a grouping together of the 
ketonic radicles as shown in formula III. Structural formula IV 
is not, however, altogether excluded, but tho configuration V is 
rendered very improbable by the fact that the diquinone was not 
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obtained by the oxidation of 1 ; 6-dihydi'oxynaphthalene. If the 
diquinone is derived from a condensation of 6- or 7-hydroxy-l :4- 
naphthaquinone, then both 1 : 6- and 1 ; 7-dihydroxynaphthalene3 
should yield it. 

Dinaphtha-l : 7 : 1' : 7'-diquiiioiic forms a well-defined, yellow 
benzene additive compound, C 2 i,Hj„ 04 ,C 6 Hf, ; the combined hyto- 
carbon is eliminated on e'^uosurc to the atmasphere or more rapidly 
on warming. The benzene-free diquinone is obtained in pale 
orange crj'stals which are thermotropic, becoming bright red on 
heating to 160°. This colour change is reversed on cooling. 

Owing to the small yield of dinaphtha-l : 7 : 1 : 7 -diquinone 
obtainable from 1 : 7-dihydroxynaphthalcne the total amount of 
this oxidation product at our disposal for the following experimenfs 
did not exceed 3-5 grams, and on this account the constitution of 
tho diquinone was not completely demonstrated. But preliminary 
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investigations showed that two promising lines of research are 
suggested by a study of the reduction products of the diquinone. 

1:7:1': T -Tetrahjdroxydinaphihyl, C 25 Hj„(OH)^, is produced 
almost quantitatively by reducing the diquinone with amalgamated 
aluminium or hydriodic acid. The diquinone is not reduced by 
sulphurous acid, but distillation with zinc dust leads to the formation 
of an extremely stable, volatile substance subliming and crystallising 
in yellow needles ; this product is probably a quinonoid compound 
arising from the partial deoxidation of the diquinone. 

Experimental. 

1 : 1.Dihydroiynaphfhalene (Emmert, Annalen, 1887, 241, 371).— 
The crocein salt (sodium p-naphthol-8-sulphonatc) employed as 
the stai'ting material in tliese experiments wa.s presented to us by 
the British Dyestuffs Corporation, to whom and to Mr. J. Baddiley 
of this firm our best thanks are tendered. Four hundred grams of 
64 per cent, croccin salt were added during thirty minutes to 1 ,200 
grams of fused potassium hj'droxido at 230 — 210°. The tempera- 
ture was then raised to 250° and maintained at 245—255° for 
thirty minutes, the fused mass being thoroughly stirred, I’he 
cooled fusion, broken into small pieces, was dissolved in 2,800 o.o. 
of water and acidified with 1,840 e.c. of concentrated hydrochloric 
acid. The tar was separated and extracted in a Soxhlet apparatus 
with chloroform. The aqueous solution on cooling yielded 1 : 7- 
dihydroxj-naphtlialene, and more of this product was obtained by 
extraction with chloroform. The yield of 1 : 7-dihydroxynaphtha- 
lene from tar and aqueous liquois wa.s upwards of 40 per cent, of 
the theoretical amount. When purified by repeated crystallisation 
from benzene, 1 : 7-dihydroxynaplithalone was obtained in almost 
colourless needles melting at 178". 

Lead Dioxide. — A rapid stream of chlorine was pa.ssed into a well 
stirred, aqueous solution (900 e.c.) of load acetate (190 grams) 
and sodium hydroxide (100 grams). The chocolatc-browm lead 
dioxide was collected, washed, dried, finely powdered and again 
diicd to constant weight at 120°. This preparation was very 
active, and ignition accompanied by slight explosions occurred on 
rubbing the dioxide in contact with organic raatcriaLs. 

Purified Denzene.- — Good commercial benzene was treated 
successively with sulphuric acid, chromic acid mixture, sodium 
hydroxide, and water. It was then dried over calcium chloride, 
refluxed over sodium for two hours, and finally distilled fractionally 
from this metal. These precautions were proved to be necessary, 
for when 1 : 7-dihydroxynaphthalene was oxidised in benzene 

3n* 2 
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containing toluene an appreciable amount of benzoic acid ivas 
isolated. This impurity did not appear in benzene freed from toluene 


Oxidation of DihydroxynapUhalenes with Metallic Peroxides. 

The experiments of Willstatter and Parnas were repeated, 200 
grams of lead dioxide being used to oxidise 3 grams of 2 ; 
hydroxynaphthalene, when yields of amphi(2 : 6-)naphthaquinone 
were obtained varying from 10 to 20 per cent, of the calculated 
amount. On replacing lead dioxide by nickelic oxide, the yield 
was diminished, and a negative result was obtained on employing 
the following oxidising mixture (CuO, 1 part; MnOj, 6 parts' 
C02O3, 3 parts ; Ag^O, 1 part). 

1 : 6-Diliydroxynaphthalene was treated in cold dry benzene 
with lead dio.xide, as described below for the 1 : 7-isomeride. The 
benzene filtrate was colourless and gave no residue on evaporation ; 
there was no indication of quinone formation, and no unchanged 
dihydroxynaphthalene could be recovered. The oxidation had 
evidently taken a different course from that manifested in the 
following experiment. 

Oxidation of 1 ; ’1-DihydroxynapJdhalene. — Preliminary experi- 
mente showed that oxidation with lead dioxide in boiling benzene 
(Willstatter and Parnas, loc. cit.) was too violent, the yield of di. 
quinone being only 0’5 to 1 per cent. A more favourable resnit 
was obtained as follows : Five grams of finely powdered 1 : ". 
dihydroxynaphthalene were added all at once to 126 grams of 
freshly-prepared, well-dried lead dioxide suspended in pure diy 
benzene (400 c.c.) at the ordinary temperature ; the mixture was 
shaken continuously for five minutes, when the temperature ro.se 
about 5°. The lead dioxide was collected rapidly, drained and 
returned to the reaction vessel with 100 c.c. of fresh benzene; the 
mixture was shaken for a further five minutes and filtered rapidly, 
The united filtrates, which were intensely yellow, were distilled 
under 20 — 30 mm. jiressure to about 50 c.c., when the diquinone- 
benzene compound separated in well-defined, transparent, lemon- 
yellow, flat, elongated four-sided prisms with oblique ends. .1 
further crop was obtained on the addition of petroleum (b. p. 
40 — 60°) ; the highest yield obtained was 5-3 per cent. 

An air-dried specimen of the additive compound, when heated 
at 100° in a vacuum to constant weight, lost 20-26 per cent, 
Cj|)Hj(| 04 ,CjH 5 requires t'eHj = 19-90 per cent. The orange, 
benzene-free diquinone gave C = 76-44; H = 3-71. CjqHioOi 
requires C = 76-42; H — 3-21 per cent. 

Molecular Weight Determinaiiom. — EbuUioscopio method m 
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benzene; w/W = 1-10/100, At = 0-085°, whence M-^340; in 
acetone, w/W = 2-97/100, At = 0-'176°, whence M = 289. 

Microscopic method (Barger, T., 1904, 85, 286), using acetone a.s 
solvent and benzil as standard substance. Comparable determina- 
tions were made with two of the simple naphthaquinones. 

t-(] ; 4)-tlapbthaquinone, M = 159. Dinaphtha-l : 7 ; 1' : 7'-diquinone, 

j.(l : 2)-NaphthaquLnone, M — 171. M -- 279. 

CioHeO^ requires M = 158. requires M = 314. 

Biiiajjhtha-l : 7 : 1' : T-diqmmne crystallised from solvents other 
than benzene in pale orange, square tablets; on heating, it com- 
menced to darken at 110°, and was bright red at 160°. At 214°, 
it became brown, and melted w-ith decomposition at 217°. On 
looling from 160°, the diquinone reverted to the pale orange form. 
When moistened with benzene or when e.\posed to the vapour of 
this hydrocarbon, it became yellow, owing to the formation of the 
benzene additive compound. The resulting lemon-yellow crystals 
on exposure to air lost their transparency, and darkened in colour 
owing to partial loss of benzene ; this elimination was completed 
after six days in a vacuum over paraffin wax. At 100° in a vacuum, 
the benzene was removed in fifteen minutes. 

The diquinone, which was inodorous and non-volatile, dissolved 
only sparingly in ether, alcohol, acetic acid, ethyl acetate, carbon 
tetrachloride, carbon disulphide, or chlorobenzene, but was slightly 
more soluble in benzene (1 in 250 at 20°, 1 in 100 at 80°) or chloro- 
form, and appreciably more so in acetone. With an alcoholic 
solution of guaiacum resin it developed a blue coloration; w-ith 
concentrated sulphuric acid a brown, insoluble substance separated. 
In nitric acid, it became bright red, dissolving to an orange solution, 
from which a reddish-brow-n precipitate was deposited on dilution, 
j In view of the small yield of diquinone, search w-as made for 
other products of the oxidation of 1 : 7-dihydroxynaphthalenc. 
[The benzene extract contained no other substance; the lead oxide 
be.sidiie8 gave no organic material on extraction with the ordinary 
solvents, but on treatment with organic or mineral acids a con- 
siderable amount of carbon dioxide was evolved, indicating complete 
oxidatioji of dihydroxynaphthalene to a carbonate. The acid 
liquor was yellow, and on extraction with ether or chloroform 
yielded a small amount of gummy residue smelling of benzoquinone 
and of a higher fatty acid. These, results also pointed to far-reaching 
oxidation. 


Dinaphtha-l : 7 ; 1' : I'-diqmnonedioxime, Cji)Hjq 02 (N 0 H) 2 . 

Hydroxylamine sulphate (0-35 gram) and potassium hydroxide 
(O-o c.c. of 50 per cent, solution) w-ere added in the cold to the 
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benzene-free diquinone (0-25 gram) in 12 c.o. of alcohol. The 
solution, which reddened immediately, was heated on the water, 
bath for three hours, cooled, filter^, and concentrated at the 
ordinary temperatui’e in a vacuum. The dark red, scaly residue, 
when dissolved in alcohol, yielded on addition of water a reel, 
crystalline powder, which crystallised from aqueous alcohol in 
brownish-red flakes having no melting point below 300 (Found : 
N = 8-00. C20H12O4N2 requires N = 8-13 per cent.). Although 
more than sufBcient hydroxylaminc was used to give a tctraoxime, 
only the dioxime was actually obtained (yield 50 per cent.). 


Dinaphtha-l : 7 ; T : T -(liquinondclra-^ : i-dinilrophenylhydrazone, 

The diquinone (0-2 gram) ilissolved in 12 c.c. of hot glacial acetic 
acid containing 0-52 gram of 2 ; 4-dinitrophenylhydrazino to a dark 
red solution, which after one hour was diluted with water, when s 
dark purple-brown powder was precipitated. The yellow mother- 
liquor was concentrated in a vacuum desiccator over .soda-limo 
until a yellow, crystalline powder separated. Recrystallised from 
aqueous alcohol, this tetrahydrazone appeared in golden-yellow 
neodle.s melting and decomposing at 193 — 10-t“, the yield being 
about 20 per cent. (Found : N = 22*05. ^441^26^10^16 I’equires 
N — 21*67 per cent.). 

The less soluble, purple product (yield about 20 per cent.) was 
probably a dihydrazone ; it separated from aqueous alcohol as a 
purple-brown, lustrous powder decomposing at 205—206’, but it 
could not be obtained definitely crystalline. 

Attempts to isolate the anilide of the diquinone failed on account 
of the uncrystallisable nature of the producl.s. 

Eeduction of Dinaphlha-l : 7 : 1' : T-diqtni)one ; 1 ; 7 : 1' : 7'* 
Tetrakydroxydimpihthyl, Cyi lolOH)^. 

Freshly-prepared, moist amalgamated aluminium (made from 
aluminium wire) ivas m.ded in portions of 2 grams to a solution of 
the diquinone (0*5 gram) in 50 c.c. of moist ether and 23 c.c, of 
acetone in a reflux apparatus. After two hours, when the originallv 
yellow solution had become colourless, the filtered liquid was wa,5hed 
with a little water, dried over calcium chloride, and distilled to 
dryne&s under 100 mm. irressure, the drying being finally completed 
in a vacuum desiccator. The oily residue solidified to a par 
yellow, semi-crystalline mass, which was dried on porou.s tile and 
washed with a little benzene to remove a brown impurity. Tie 
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tetrahydroxydinaplithyl, thus obtained in almost theoretical yield, 
ffas crystallised from hot benzene or benzene-petroleum (b. p. 
80—100°) in hard, yeUowish-white, nodular crystals or from ether 
or acetone in small, slightly yellow, acicular prisms melting at 
215—216“ (Found: C = 75-80; H = 5-44. requires 

C = 75-45 ; H.= 4-43 per cent.)- 

1:7:1': I'-Teirahydmajdinaphthyl was readily soluble in alcohol, 
ether, or acetone. Unlike the diquinone, it showed no tendency to 
retain benzene of crystallisation. It gave no coloration with ferric 
chloride, and its solution in aqueous sodium hydroxide rapidly 
became reddish-purple on exposure to air. 

The tdra-acetyl derivative, C2 qHj„( 0-C0-CH3)4, was obtained in 
quantitative yield by heating 1:7:1': 7'-tetrahydroxydinaphthyl 
with excess of acetic anhydride and anhydrous sodium acetate on 
the water-bath for one and a half houi-s ; the solution was then 
evaporated to dryness in a vacuum desiccator, the residue washed 
with water, and the insoluble portion cr}'stallised from benzene- 
petroleum, from which the compound separated in small, flattened, 
yellowish-white prisms melting at 188 — 189° (Found : C = 09-00 ; 
k-5-11. CjgHjjOj, requires C == 69-12; H = 4-56 per cent.). 

The tctra-acetate was readily soluble in benzene, but les,s so in 
alcohol. 


Reduction of Dimpklm-\ : 7 : 1' : T-d\qmnonc icilh 
Ilydriodic Acid. 

Twenty c.c. of 10 per cent, potassium iodide solution and 20 c.c. 
of dilute sulphuric acid (1 in 4 vols.) were added to an alcoholic 
solution (20 c.c.) of the diquinone (0-1109 gram). Iodine was 
liberated forthwith and titrated with IN'/lO-sodium thiosulphate 
and starch-paper indicator, wbon .84-6 per cent, of the caleulatcd 
amount was determined. 'Tlie resulting solution was treated with 
excess of sodium acetate, concentrated under reduced pressure to 
half its bulk, and filtered from a green, flocculent material (quin- 
hydrone ?) not melting below 300°. The ethereal extract of the 
filtrate furnished tetrahydroxydinaplithyl (yield 73 per cent.). 
Willstatter and Parnas found that with 2 : G-naphthaquinonc and 
hydriodic acid the iodine liberated and the 2 : 6-dihydroxynaphth- 
alene produced were respectively 76 and 25 per cent, of the calculated 
amounts. 


Reduction of the Difuinone with Healed Zinc Dust. 

The diquinone (0-4 gram) mixed with 3 grams of zinc dust was 
distilled in a hard-glass tube through a layer of 10 grams of zinc 
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dust, when an intensely yellow substance sublimed on to the cool 
part of the tube, accompanied by traces of naphthalene. Xhe 
coloured product was odourless and sparingly soluble in ether or 
acetone to faintly blue fluorescent solutions. From these solvents 
it was obtained in minute, yellow needles melting at 238 — 239° 
This substance, which still retained quinonoid characters, sublimed 
with difficulty and . was very stable at temperatures above itsi 
melting point. On further heating with zinc dust, naphthalene 
was produced, but much of the substance subhmed unchanged. It 
was insoluble in aqueous sodium hydroxide, and gave a purple 
coloration with nitric acid. Lack of material has prevented a 
complete examination of this interesting product, the reactions of 
which would probably throw further light on the constitution of the 
diquinone. 

We desire to express our grateful thanks to the Salters’ Institute 
of Industrial Chemistry for the grant of a FeUowship to one of ns 
(D.C.V.), which has rendered this collaboration possible. 

Chemical Dep.akt.ment, 

The University ok Bikminoham, 

Edobaston. ^Received, October ith, 1021 .] 


OXCVl.—Chenopodium Oil. 

By Thomas Anderson Henry and Humphrey Paget. 

The oil distilled from Chenopodium ambrosioide.^ var. anihelminlkmn 
is now being used on a considerable scale in the campaigns against 
hookworm disea.se that are being carried on in various parts of the 
Tropics under the auspices of the International Health Board of the 
Rockefeller Foundation. 

As a result of the investigations conducted by Kremers {Pharm. 
Eev., 1907, 25, 155), Schimmel & Co. (Bericht von Schimmel & Co., 
April, 1908, p. 109), and Nelson {J. Amer. Ghem. Soc., 1911, 33, 
1404 ; 1913, 35, 84 ; 1914, 36, 2521), it is known that the oil consists 
chiefly of a liquid organic peroxide, ascaridole, CjoHigOg, and a 
mixture of liquid hydrocarbons, of which until last year only one, 
cymene, had been identified with certainty. To account for the 
optical activity and a characteristic colour reaction of the hydro- 
carbon fraction, Schimmel & Co. suggested the presence of 
sylvestrene (loc. cil.), but tliLs has received no support from later 
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investigators (compare Wirth, J. Amer. PJuirm. Assoc., 1920, 9, 139). 
Since the present authors began their work Nelson has re-examined 
the hydrocarbon fraction and produced evidence of the presence of 
n-terpinene and Mimonene (J. Amer. Chem. Soc., 1920, 42, 1204), 
n'hilst Cains and Mhaskar have stated, without adducing any 
experimental data, that the fraction contains cymene, terpinene, 
and phellandrene {fnd. J. Med. Ees., 1920, 7, 570). 

It has been assumed generally that the value of the oil as an 
anthelmintic is due to the ascaridole, but Hall and Hamilton have 
asserted as a result of an extensive scries of pharmacological trials 
that the “ lighter ” portions (that is, the hydrocarbon fraction) are 
more active as anthelmintics than the “heavier” (ascaridole) 
fractions [J. PMrm. Exp. Ther., 1918, 11, 89), In view of this 
confusion, it seemed to the authors desirable that the oil should be 
re-examined and the nature and pharmacological action of its 
components definitely settled. 

The pharmacological examination of the substances isolated from 
the oil has been undertaken by Dr. Wilson G. Smillie of the Instituto 
de Hygiene, San Paulo, Brazil, who has already obtained a number 
of interesting results, which will be recorded elsewhere. 

Experimental. 

Six lots of chenopodium oil, purchased through ordinary trade 
channels, were used. These had the following constants : 

(1) (2| (3) (4) (0) (C) 

jjj; 0-0605 000C3 0-0712 0 0723 0 0072 0-0582 

8p, rotation [all,’' ... -5-7° -4-5° -5-3° -5-3° -. 0-3° -0-8° 

The oils were separated by distillation under 15 mm, pressure 
into three faiction.s : (a) b. p. below 84°, (fit 0-8.596 to 0-8839, 

[!c]lf-l4° to -18°; {b) b. p. 84—104°, (f;:j 0-9200 to 1-0070, 

HI; -5° to -11°; and (c) b. p. 104—118°, (fi; 1-0120 to 1-0160, 
[ajil — 0-25° to —1-18°, which usually formed about 25, 15, and 
55 per cent, respectively of the whole oil. The residual S per cent, 
is chiefly ascaridole glycol. The oil is difficult to fractionate, 
especially in the later stages, owing to the risk of explosive decom- 
position of the ascaridole, Fraction (a) consisted mainly of hydro- 
carbons, (6) of a mixture of hydrocarbons and ascaridole, and (c) 
was almost pure ascaridole. Fraction (6) was fiudher treated by 
carefully heating it under a reflux condenser at atmospheric pressure, 
when the ascaridole decomposed with considerable violence, hut 
without loss, giving the isomeric ascaridole glycol anhydride. On 
steam-distilling the product, the anhydride yielded the correspond- 
gtyeol, which was not volatile in steam, so that the distillate 
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consisted almost wholly of hydrocarbons; this was added tj 
fraction {a), which then formed about 30 per cent, of the whole oil 


Examination of the Hydrocarbon Fraction. 

Acids. — On repeated agitation with 5 per cent, solution of 
sodium carbonate, the fraction yielded 0-9 per cent, of oily material 
having the characteristic odour of the lower fatty acids. This 
converted into silver salts by neutralisation and precipitation in 
three portions with silver nitrate (Found : Ag = 56-27, 55-8, 57 . g. 
Silver but 3 Tate, C 4 H, 02 Ag, requires Ag = 55-4 per cent.). 

Methyl Salicylate. — On further agitation of the fraction witli 
4 per cent, solution of sodium hydi'oxide, there was obtained oti 
acidification 1-5 per cent, of a red oil, which on standing solidified 
in part, owing to the separation of salicylic acid (m. p. 156°), and 
the rest of the acid was removed by shaking the liquid portion win 
sodium carbonate solution. The hquid portion then boiled at 
220'°/755 mm., gave a benzoyl derivative, m. p, 83°, and was there, 
fore methyl salicylate ; the salicylic acid is no doubt formed by the 
action of the alkali on the ester during extraction. 

As no evidence of the presence of other oxygenated compounds 
could bo obtained, the mixture was then redistilled several times 
through a six-bulb Young dephlegmator, which separated it into 
three fractions boiling at 166 — 173°, 174 — 177°, and 177— ISO- 
under 765 mm. pressure. The middle fraction formed the bulk of 
the mixture, and tliis, on rcdistillation, was fo\ind to consist ot a 
product having the following constants : b. p. 176-5 — 177°/7C.") mm,; 
C; 0-8491; [z]?; -18-09°; nl'f 1-48320. It had a slight lemon- 
like odour, and its solution in acetic anhydride gave a transient, 
bluish-red coloration with sulphuric acid. This product was pre- 
pared without difficulty from all six oils, and in spite of its constant 
boiling point was subsequently found to be a mixture of at least 
three hydrocarbon-s. The results ot the analysis (Found : C = 88-14, 
88-16, 88-63; H = 11-40, 11-10, 11-21) agree fairly well with those 
required for a mixture of terpenes, CiqHjo, with cymene, Cj,,!!,,, in 
about equal proportions (namely, C = 88-9; H = 11-08 per cent,), 
and further evidence was obtained later of the presence of approxi- 
mately this quantity of cymcnc. 

Attempts to effect a further separation by distillation at different 
pressures through a twelve-bulb Young dephlegmator were 
unsuccessful. 

Identification and liernoval of a-Terpinene. — Further separation 
of the mixture by physical means having failed, recourse was had 
to the identification of the components and attempts to eliminate 
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these in succession. On treatment with sodium nitrite in presence 
of acetic acid at 0°, the mixture gave a nitrosite, which, after 
recrystallisation from ethyl acetate, had m. p. 155° and showed no 
depression of melting point on admixture with a-terpinene nitrosite 
made from terpinene, prepared from either turpentine oil or terpineol. 
Jhe formation of a-terpinene nitrosite had already been recorded 
hy Nelson {loc. cit. Compare Cains and llhaskar, he. cit,), who, 
however, failed to obtain any other evidence of the presence of 
i-terpinene. Cains and Miiaskar state that phellandrene is also 
present. Phellandrene gives even in small quantities an excellent 
yield of a nitrosite of unmistakable appearance, and the present 
authors were unable to find any evidence of the formation of phellan- 
dreue nitrosite along with the a-terpinene derivative in the reaction. 

Baeyer has shown {Ber., 1894, 27, 815) that small quantities of 
terpinene can he removed from its mixtures with other terpenes by 
repeated agitation in the cold with Beekmami’s chromic acid 
mixture. Two hundred o.c. of the hydrocarbon fraction were 
treated repeatedly with small quantitie.s of chromic acid mixture 
until no further absorption, and no increase in the specific rotation 
of the recovered oil, took place. The recovered oil, after distillation 
over Botlium, liad b. p. 170-.3 — 177°/7.5S mm., 0-8545, [a]',; 
-23-08°, )!'{; 1-48037 (Found : C 89-08, 88-92, 88-80; H = 10-86, 
10-59, 10-05. A mixture of terponc, with cymene, CjjHjj, 

in the proportion of about 40 ; CO requires C — 89-04; H = 10-96 
per cent,). 

The recovered oil gave no crystalline nitrosite on treatment with 
sodium nitrite in acetic acid at 0°, but still gave the characteristic 
bluish-red coloration with sulphuric acid in presence of acetic 
anhydride, and on oxidation with potassium permanganate (see 
below) yielded no trace of the charactoristic crystalline oxidation 
products of a-terpinenc, whence it appears that the latter terpene 
had been completely eliminated by the treatment. Tlie chromic 
acid mixture recovered yielded, on c.xlraction with ether, a small 
quantity of a crystalline acid melting at 189°, which, proved to be 
one of the forms of ctf, -dihydroxy- a-methyl-S-isopropyladipic acid 
produced by the oxidation of a-fcrj)incne (see below). 

Action of Bromine. Isolation of a Xeu' Terpe.ne, Teirabrcmide . — 
Bromine, in e.xcess of that required to form a tetrabromide, w-as 
added to either the original mixture of hydrocarbons or the «- 
teiqjinene-free mixture (see preceding paragraph) dissolved in its 
own volume of chloroform and cooled to 0°. After standing for 
one hour, the chloroform and excess of bromine were removed by 
a current of dry air, leaving a viscous, dark grey oil; this, on 
standing for six to eight weeks, deposited a solid tetrabromide. 
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which after solution in ethyl acetate separated in large crystals up 
to about 1 gram in weight. The bulk of the brominated product 
remained liquid even after six months’ exposure to a temperature 
of —15° to —20°, but on distillation under reduced pressure it 
yielded a considerable quantity of p-cymene {b. p. 175 — 176°), and 
the residue, on standing, then deposited a further quantity of the 
erystalhne tetrabromide. The latter melted and decomposed at 
117°, and repeated crj’stallisation from different solvents failed to 
change this melting point. Mixtures of equal parts of the tetra. 
bromide with the tetrabromides of (o) d-limonene, m. p. 10, 5 “, 
{b) dipentenc, m. p. 126°, (c) terpinolene, ra. p. 112°, melted at 
(a) 90—95°, (b) 102—105°, (c) 100—104° respectively, so that the 
substance is not identical with any of the well-known terpeup 
tetrabromides. The tetrabromide is optically inactive (Found: 
Br = 69-88, 70-08. C,oHi 5 Br 4 requires Br = 70-17 per cent.). 
It is apparently the formation of this substance on bromination 
that led Nelson (loe. eit.) to assume that the hydrocarbon fraction 
of chenopodiura oil contained 1-hmonene. The tetrabromide ol 
the latter, however, melts at 104 — 105°, is optically active ([«]„ = 
—73°), and -H-hen crystallised with an equal quantity of d-limonene 
tetrabromide gives dipontene tetrabromide, m. p. 126°. In all 
these respects the new substance differs from 1-hmonene tetra- 
bromide, and it is probably the tetrabropiidc of a new lEevorotatory 
terpene. 

The crystallographic examination of the new tetrabromide has 
been kindly undertaken for the authors by Dr. G. F. Herbert Smith 
of the Natural History Section of the British Museum, who reports 
as follows 

“ The crystals are raonoclinic. The prominent face.s parallel to 
which the crystals are elongated belong to the form (110) and the 
faces observed at the end belong to the forms (001), (101), and (111), 
The fundamental data are a: b:c =1-413 : 1 ; 1-471 ; p = 99° 51'. 
The calculated and observed values of the biangular co-ordinates ol 
the observed forms are given in the following table. 

C-dculated, Observed. 


Form. (J-. p. P- 

110 — — 0°0' 35° 42' 

Til 48°:!,Y 42° 12' 48° 44' 41° 51' 

101 — — 39° 4' 90° 0' 

001 — — 80° 6' 90° 0' 


“ There is an optic axis very nearly perpendicular to the faces of 
the form (110) and the double refraction is high. 

“ The symmetry of the erystals is different from, and the measure- 
ments I have made do not hai-monise at all with, those recorded by 
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Hintae for limonene tetrabromide {Zeitsch. Krijsl. Min., 1886, 10, 
252).” 

No crystalline derivatives with halogen acids or nitrosyl chloride 
could he obtained from the mixture of hydrocarbons either before 
or after the removal of the a-terpinene. Sylvestrenc yields a 
crystalline dihydrochloride. 


Oxidation with Potassinm Permanganate, in Acetone. Isolation 
of p-Oymene. 

The results recorded above indicate that the hydrocarbon fraction 
consists of oi-terpinene, cymene, and a laevorotatory terpene, which 
forms an optically inactive, crystalline tetrabromide. It was hoped 
to obtain further information regarding this tcrpcnc by the oxidation 
of the whole hydrocarbon fraction with potassium permanganate in 
the cold, since the products of oxidation of a-terpinene under these 
conditions are well known and p-cymenc is not attacked, so that any 
products of oxidation found other than those obtainable from 
a-terpinene might be assumed to come from the l»vorotatory 
terpene. The oxidation tvas carried out in ice-cold water under the 
conditions prescribed by Wallach for a-lerpinene (Anndai, 1908, 
362 , 297), but it was subsequently found convenient to replace 
water by acetone. The hydrocarbon fraction (50 c.e.) was dissolved 
in acetone (150 c.c.) and a saturated solution of potassium perman- 
ganate in acetone added, 50 c.c. at a time, until the reagent was no 
longer decolorised immediately (A). After this stage, the oxidation 
proceeded very slowly and was completed by adding finely powdered 
permanganate -with constant agitation until the liquid remained 
coloured for twenty-four hours after the last gram had been added 
(E] ; usually about 150 grams of permanganate were required in all. 
If the liquid is worked up at stage {A ), 60 to 70 per cent, by volume 
of the oil originally used is recovered, and now has physical constants 
similar to those of the oil recovered after oxidation with cold chromic 
acid (p. 1717), with the exception that the highest specific rotation 
found was —20° in place of —23°. It roughly corresponds, there- 
fore, with the oxidation of the a-terpinene. The oil recovered at 
stage (B) was optically in.ictive, and after several distillations over 
sodium boiled constantly at 175 — 176“/763 mra., and had n)';' 
1'4904I (Found: C = 89-2, 89-3; 11 = 104, 10-51. p-Cymene, 
'^niHi 4 , requires C = 89-57 ; H = 10-43 per cent.). It yielded 
p-cymencsulphonio acid (Found : for the barium salt, Ba = 24-4. 
^alc., Ba = 24-8 per cent.), and on oxidation with aqueous potassium 
pcimanganate solution at 100° yielded p-hydroxyisopropylbenzoic 
wid, m. p. 153—154° (Found: C = 6(j-45; H = 6-8. Calc., 
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C = 66'7 ; H = 6'7 per cent.), from which fsopropenylbenzoic acid 
(m. p, 255°) was readily obtained by boiling with hydrochloric acid 
The usual methods of identifying p-cymene are not very satis, 
factory. Many terpenes yield p-cymcne.sulphonic acid on treat- 
ment with sulphuric acid, and the authors have found that coia 
mercial phellandrcnc, on oxidation with hot permanganate, yields 
p-hydroxyisopropylbenzoic acid; .special care was therefore taken 
in thi.9 case to prove that the recovered hydrocarbon W'as actually 
p-cymeno. The amount recovered varied from 45 to 50 per cent 
(compare p. 1716). 

The products of oxidation were isolated by filtering off the 
manganese dioxide, distilling off the acetone, and steam-distilling 
the alkaline residue to recover the p-cymene. To the aqueous 
residue in the flask was added the aqueous extract obtained by 
suspending the manganese dioxide in water and passing through 
it a vigorous current of steam for two hours. The combined 
aqueous liquids were then reduced lo low bulk in a vacuum and, 
when cold, extracted with ether, which removed a small amount of 
a viscous, neutral, yellow oil having a faint odour of mint. The 
liquid was then acidified and extracted repeatedly with ether, which 
removed a complex mixture of acids, mostly resinous, from which 
on standing there separated crystalline material (.4) amounting 
to about 2 per cent, by weight of the oil originally used. When no 
more crystals would separate, the viscous acid resin was filtered of! 
and steam-distiUed. The acid distillate was neutralised with 
sodium hydroxide, evaporated to dryue.ss, and mixed rapidly a:id 
completely with the quantity of sulphuric acid, cooled to — 
required to convert the .sodium into sulphate, which separated and 
was rapidly filtered off, leaving the volatile acids {B) as a dark 
brown liquid. The non-volatilc residue in the flask was extracted 
with ether and yielded a large fraction of resinous acids (C). 

Crystalline Acids (A). — A rapidly filtered solution in boiling water 
of the mixture of acid.s deposited, on standing, colourless, prismatic 
crystals, of which more was obtained by concentration of the mother- 
liqupr in a vacuum. The crops were mixed and recrystallised from 
boiling water until of constant melting point, 203 — 204° (corr,, 
dccomp.). The acid was sparingly soluble in cold water or alcohol 
and less soluble in other solvents, and was optically inactive in 
aqueous solution (Found: C = 51-21, 51-12; H = 7-72, 7-82, 
CjqHjjOj requires C = 51-29; H = 7-09 per cent. Required for 
neutralisation, 8-67 c.c. of rV-lNaOH per gram. CgHig02(C02H)2 
requires 8-55 c.c. per gram). 

The mother-liquor, on further concentration, deposited a second 
acid crystallising in rosettes of needles, which was reorystallised 
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from water until the melting point remained constant at 189° 
(corr., decomp,). This substance was moderately soluble in water, 
and optically inactive in 5 per cent, aqueous solution (Found ; 
C = 61-0, Sl-26; H = 7-86, 7-79. CioHisOj requires C = 61-29; 
H = 7-69 per cent. Required for neutraUaation, 8-36 c.c. of 
,V-XaOH per gram. CgH^g 02 {C 02 H)jj requires 8-, 36 c.c. per gram). 

These two acids appear to be identical wdth the two aS-dihydroxy- 
i-methyl-S-iaopropyladipic acids, obtained by Wallach 

by the oxidation of terpinen-4-ol from marjoram oil (Annalen, 1907, 
356, 212), which ho describes as melting at 20,3—200° and 188—189° 
respectively. The acids decompose on melting and in the authors’ 
experience the melting points can be varied from 203° to 214° and 
from 188° to 192° respectively by variation in the rate of heating. 
Wallach described the acid of liigber melting point as the active 
and the other as the inactive acid, apparently because the latter only 
was produced by the oxidation of ix-terpinene, which is itself optically 
inactive, whilst the active terpincnol from marjoram oil yielded 
both. The acid should, however, exist in more than one inactive 
modification, and both forms obtained by the present authors were 
inactive. It seemed liUely that both these acids came from the 
i-tcrpinene, and this was confirmed by oxidising a-terpineno 
(prepared from terpineol) with permanganate in acetone, when the 
same two acids were obtained. 

After the removal of the acid melting at 189°, concentration of 
the mother-liquor was continued, by alow evaporation at atmospheric 
temperature, causing tlie separation of a third substance, which, 
after several reory.stallisations from water, melted at 179° (Found : 
C = 30-5.5, 30-84 ; H = 7-6, 7-69 per cent. Required for neutralisa- 
tion, 8-38 c.o. of Al-NaOH per gram). Mixed ivith either of the 
foregoing acids, this substance showed no depression in melting 
point, and it is probably merely a mixture of both. 

Volaiih Adds (B). — Tlie dark brown, volatile acids i.solated as 
already described (p. 1720) consisted mainly of acetic acid, since a 
aeries of eight fractions of silver salt prepared from them gave tlie 
following results : Ag = 62-5, 63'7, 61-1, 64-7, 65-1, 65-2, 65-3, 66-1. 
Silver acetate, CHj-COj.Ag, requires Ag = 64-68 per cent. There 
is, however, present in addition a minute amount of an acid crystallis- 
ing in long, slender needles, m. p. 117°, of which sufficient has not 
been obtained for examination ; it can be isolated by steam-distilling 
the crude, volatile acids, stopping the distillation when the distillate 
begins to show only a weak acid reaction to litmus, and then ex- 
tracting the residual liquor with ether. 

Ucsinous Acids (C). — These form the bulk of the oxidation pro- 
ducts and from them no definite substance has so far been obtained. 
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The only difference observed in the course of the oxidations wit); 
permanganate in (a) water and ( 6 ) acetone was that in the fortusj 
case the volatile acids produced included isobutyric acid (Found; 
in the silver salt, Ag — 55-5, 55-7. Cale., Ag = 55-39 per cent,), 
which was separated from the acetic acid also formed by fractional 
crystallisation of the anilides, acetanilide, m. p. 114°, separating 
first from boiling water and isobutyranilide, m. p. 102 °, last. 

Oxidation with permanganate of the hydrocarbon fraction o{ 
chenopodium oil from which a-terpinene had been removed (p. 1717 ] 
yielded acetic and fa-obutyric acids and the volatile, crystalline acid 
melting at 117°. The latter appears, therefore, to be the only 
oxidation product found which may be characteristic of the leevoro- 
tatory terpene, and so far it has not been possible to obtain it in 
quantity sufficient for e.xamination. From this terpinene-free 
fraction of the hydrocarbon mixture 58 per cent, of cymene was 
recovered on oxidation. 

Oxidation of limoncnc and pheUandrene, under the conditions 
described above, yielded none of the crystalhne products obtained 
from the chenopodium mixtm-e of hydrocarbons, thus confirming 
evidence already given of the absence of these terpene, s from the 
mixture. 

Ascariiole Fraclion. 

As already stated, fraction (c) consisted almost wholly of ascaridole 
and on reffistillation had b. p. 108 — 110°/15 mm., l-0i2(l| 
[«]| 5 ' — 0 - 5 °, constants which are in good agreement with those 
already on record (Found: 0 = 71-63; H = 9-45. Cak, 
0 = 71-43; H = 9-53 per cent.). As stated above, ascaridole, 
when heated above 160°, is converted explosively into an isomeric 
substance, ascaridole glycol anhydride, the temperature rising to 
about 300°. Nelson found that the action could be readily con- 
trolled by dropping ascaridole into cymene heated at 150°. The 
authors found that dilution of ascaridole with any volatile, indifferent 
solvent boiling at about 130 — 100°, for example, xylene, will serve 
equally well. After the reaction is complete, the solvent is distilled 
off, leaving a residue of the anhydride which can be purified by 
distillation. It forms a viscous, yellow oil, b. p. 230 — 245°/755 mm., 
122— 125°/20 mm.; 1-026; [a]',-; -0-72°. 

By treatment with steam, the anhydride is converted into 
ascaridole glycol, which is not volatile in steam, but can be distilled 
apparently unchanged under reduced pressure. Obtained in this 
way, it is a heavy, green, viscous oil, b. p. 135— -160°/15 mm. 
(Found: C = 64-55; H = 9-74. Calc., C = 64-46; H = 9'71 
per cent.). It was previously prepared by Nelson {loc. at.) by 
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shaking ascaridole with ferrons sulphate solution or by hydrating 
tlie anhydride by dilute sulphuric afiid. The monobenzoate melts 
at 136—137°, as recorded by Nelson (Found ; C = 70-68 ; H = 7-92. 
Calc., C = 70-34; H = 7-55 per cent.). 

Indian Chenopodhm Oil. 

In connexion with attempts made in recent years to cultivate 
chenopodium in India for the production of oil, two samples of the 
drug have been received from Col. A. T. Gage, Director of the 
Botanical Survey of India. These were labelled 0. ambrosioides 
and C. anthelminticum and yielded 0-17 and 0-24 per cent, of oil 
having dfr 0-9399, [ot]i5 + 0-07°, and d|;v 0-9080, [a]',-) —9-6° respec- 
tively. The quantities obtained were too small for further inve.sti- 
gation. 

Summary of EmilU. 

1. Chenopodium oil contains minute quantities of the lower fatty 
acids, chiefly butyric acid, and less than 0-3 per cent, of methyl 
salicylate. The remainder of the oil consists of at least 60 per cent, 
of ascaridole -with about 5 per cent, of the corresponding glycol and 
30 to 40 per cent, of a mixture of hydrocarbons made up approxi- 
mately cf cymene 15 per cent., a-terpinene 5 per cent., and a new 
lavorotatory terpene, 10 per cent. No evidence has been obtained 
of the presence in the oil of sylvestronc, limonene, phellandrene, 
safrole, or camphor, all of which have been suggested or recorded as 
constituents. 

2. The Isvorotatory terpene has not been isolated from the 

mixture of hydrocarbons, but judging from the phy,sical constants 
of its mixtures with (a) oc-terpinenc and cymene, and (i) cymene 
alone, it must have approximately the following characters : b. p. 
177~178°/760 mm., d'*' 0-847, [a]',; -57°, n'il“ 1-484. It 
furnishes a well-crystallised tetrabromide, m. p, 117°, which is 
optically inactive, and on oxidation with permanganate yields 
acetic and wobutyric acids and possibly a volatile, crystalline 
acid, m. p. 117°, not yet identified. It is intore.sting to note that 
Lewinsohn (drcA. Pharm., 1906, 244, 424) isolated from myrrh oil 
a terpene having the following constants; b. p. 78 — 80° /20 ram., 
d“ 0-847, [ot])) 80°, yielding a tetrabromide, m. p. 115°. 

3. On oxidation with permanganate in acetone, a-terpinene yields 
two forms of a5-dihydroxy-a-methyl-8-is-opropyladipic acid melting 
at 203 — 204° and 189° respectively; the latter has already been 
obtained by WaUach by oxidation of this terpene with permanganate 
in water at 0°, and both acids by the same author from the terpinen- 
4-al of marjoram oil by the same means. The acid of higher m. p. 
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is described by Wallach as active, although no determination jj 
the value is given ; both acids obtained by the present authors iveij 
optically inactive in aqueous solution. 

The authors desire to express their cordial thanks to Dr. Herbert 
Smith for the crystallographic measurements recorded above and 
to IVIr. H. Walton for assistance in the experimental work. 

Wellcome Chemical Research Laboratories. 

{Received, Septcmher ^Zrd, 1921,] 


CXCVII. — m-Ofianic Acid (4 : 5-Dimethoxy- 
o-ahhhydohenzoic Acid). 

By Robert George Fargiiee and Willlvm Hesev Perkin, jun. 

The opianio acids (dimetho.vy-o-aldehydobenzoio acids), 

CO 3 H CHO 

MeO/NcHO McO/NcO.H MeO/NcHO 

MeOl,^^ McOl,^^ ■ MeO!,^^COjH ■ 

Oputnic mid [m. p. loO'^) -^-Opianlc oeid {m. p. m-Opianic acid {m.'p. 

Jroni 7iarcotine. 121°) from berberine. from cryptopm. 

have so far only been obtained from alkaloids either by diroci 
oxidation or by the oxidation of Iheir degra<lation products. 

In view of tlte importance of these acids, it is curious that tliere 
should be no record of any attempt having been made to prepare 
them synthetically. It seemed therefore interesting to devi.^p 
methods for the syntiiesis of those acids and the present com- 
munication contains an account of the stops which have led to 
the synthesis of ?n-opianic acid."^ It is hojied that it may, in tk 
near future, be found possible to synthesise opianio acid and 
i/ 7 -opianic aoid as avoH and thus to complete the series. 

The starting point in the synthesis (d ;;;-opiaiuc acid is crcosol (1), 
which i.s first mothjdated by means of methyl sulphate ; the resulting 
homoveratrole ( 11 ) is thA-n converted by the action of acetyl chloride 
in the presence of aluminium chloride into 4 : 5-dimcthoxy-o-tol;l 
methyl ketone (III) 


MeO/Nile 

Meo/Nllc 

MeOl^^COJIe 

hoM 


(I.) 

(U.) 

(III.) 


* The name m-opianic acid was given to this acid, because it is the op'^nic 
acid corresponding with m-heraipinic acid. 
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(4 : 5-dimetkoxy-o-aidehydobbnzoic acid). 

(compare Harding and Weizmann, T.. 1910 , 97 , 1120). When this 
tetone is oxidised by permanganate, it yields 4 : 5-dimethoxy-o- 
tolylglyo5fyli® acid (IV), 4 : 5-dimethoxyphthalonic acid (V), and 
„j.iicmipinio acid (VI). 

Meo/NMe MeO/\cOjH MeO/NcO.,H 

MeOl^^CO-CO^H MeOl^^CO-CO.,H MeOl,^ jcO^H 

(IV.) (V.) (VI.) 

4 ; 5 -Dimethoxyplithalonie acid (V) was first obtained by Perkin 
(T., 1902, 81 , 1022) during the investigation of the oxidation of 
trimcthylbrazilin by means of permanganate, and was stated to 
melt at 150°. Subsequently Harding and Weizmann (loc. cit., 
p. 1129) prepared the same acid * from 4 : o-dimethoxy-o-tolyl 
methyl ketone by oxidation with permanganate, and these investi- 
gators found that a specimen of the acid dried in the steam-oven 
melted at 148°. These observations are incorrect, and the reason 
for the inaccuracy is to be found in the facts (i) that tlio acid, like 
phthalonio acid itself, has no definite melting point, and (ii) that 
the indefinite melting point is lowered by traces of moisture and 
slight impurity to an unusual degree. 

We have, on several occasions, repeated the preparation of 
4 ; 5.(.Umcthoxyphthalonic acid under the conditions recommended 
by Harding and Weizmann, and have always obtained an acid 
which crystallised well from water and melted roughly at 145 — 
150°. It was then found that the acid prepared in this way 
invatiably contains traces of oxalic acid, which aiiparently cannot 
be removed by recrystallisation, and the purification by means of 
the calcium salt, lecommcmled in this case and in the ca.se of the 
acid from trimcthylbrazilin, is of no avail, since both acids yield 
calcium salts which arc insoluble in water. Subsequently the 
observation was made that the insoluble ve.ulrnl calcium salt of 

4 : o-diiuethoxyphthalonic acid, is con- 

verted hy (lie calculated amount of dilute hydrochloric acid into 
a beautifully crystalline, .soluble acid calcium salt, (C'ijHjO.) 2 Ca, 
whereas calcium oxalate remains nncliangcd, and this observation 
has made it possible to prepare the phthalonio acid readily in a 
state of jiurity. 

4 : o-Dimethoxyphthalonic acid crystallises from water in prisms 
usually of the composition CjjHjuO-jdH^O, and docs not melt 
completely until 188° (compare p. 1736). When it is heated in the 
iteam.oveii, it loses one molecule of water, but the other is not 
list at 120°, and does not seem to be removable by heat without 
Called by them G-carbosy-3 : 4-dimethoxyphenyIglyoxylic acid. 
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decomposition of the acid. It is therefore probable that th 
formula of the hydrated acid, crystallised from water and ihiej 
at 100°, is {Me0)2C5H2(C02H)'C(0H)2-C02H. On the other hand, 
the acid is somewhat soluble in dry ether and, after digesting 
with anhydrous sodium sulphate and concentrating, it separate) 
in colourless prisms which are anhydrous and have the formula 

This acid now crystallises from water in anhydrous prisms, and 
it seems possible that the hydrated acid is derived from V, whereas 
the anhydrous acid has the constitution XVII. This interesting 
point is being inve.stigated. 

When 4 : 5-dimcthoxyphthalonic acid is heated at 200 — 210”, it 
is completely decomposed, with the formation mainly of m-hemi. 
pinie acid, but small quantities of the anhydride of m-opianic acid 
(p. 1742) are produced, as well as traces of a substance melting 
above 260°, which appears to be letramethorydiphthalyl, 

{hkO),Cfi~C=C-Cfl,me\ 

CO 0 0— CO 

and to be identical with the substance, CjoHn-Og, which had pre- 
viously been obtained (Perkin, T., 1902, 81 , 1025) from the ssae 
add by heating with water in a sealed tube at 200°. In this 
behaviour, dimetho-xyphthalonic acid resembles phthalonic acid 
itself, which, on heating, is decomposed into phthalic anhydride, 
phthalaldehydie acid, and diphthalyl (Graebe and Triimpy, Ba., 
1898, 31 , 371). When 4 : 5-dimcthoxyphthalonio add is heated 
with concentrated sulphuric acid on the steam-bath, it is decom. 
posed, apparently quantitatively, into carbon monoxide and 
jK-hemipinio acid. 

The conversion of 4 : 5-dimethoxyphthalohio acid into m-opiaitk 
add has been carried out in two different ways : 

(i) By Heating with Sodium Hydrogen Sulphite . — In this case the 
sodium hj'drogen sulphite derivative of the phthalonic add, which 
is first produced, is decomposed by heating on the steam-bath 
into carbon dioxide and the corresponding derivative of m-opianic 
acid. When the latter i'- treated with hydrochloric acid and the 
product extracted with erher, m-opianic add crystallises from the 
ether in a state of purity, 

(ii) With the Aid of Aniline or p-Toluidine (p. 1740).— Aniline 
reacts very readily with a hot aqueous solution of 4 : 5-dimethoxy- 
phthalonic acid with separation of a crystalline substance (m. p. 
179 — 180°) which is the aniline .salt of anilino-i : S-dimetho-iy- 
phthalonic acid and probably has the formula 

(Me0)2CeH2(C02H)-C(:N-CeH5)-C02H,CeH5-NH2. 
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When this is boiled with xylene, it loses carbon dioxide and the 
substance which crystallises from the xylene and melts at 213 — 

214 ”, is amlino-m-opianie acid, 

(comparep. 1738). Warm dilute hydrochloric acid readily hydrolyses 
this anilino-derivative with formation of aniline hydrochloride and 
ffl.opianic acid, and as the decomposition is quantitative and the 
acid crystallises direct in an almost pure state from the hydro- 
chloric acid, this is much the most convenient method for the 
preparation of m-opianic acid. In the case of p-toluidine, the 
course of the different reactions is similar. The substance first 
produced is the T^-toluidine salt of ])-loh(idiiioA : b-dindhoxy- 
phthalonic acid, and this, on boiling with xylene, yields ^-loluidino- 
m-ojdanic acid (m. p. 223°), from which m-opianic acid is obtained 
by hydrolysis with dilute hydrochloric acid. There is not much to 
choose between the aniline and p-tolnidine processes, but the latter 
was preferred and employed for the preparation of most of the 
m-opianih acid required for this investigation. 

m-Opianic acid melts at 186 — 187° or considerably higher than 
either opianio acid (m. p. 150°) or i^-opianic acid (m, p. 121°); 
like opianic acid, it is very sparingly soluble in cold water and 
indeed in nearly all its properties and reactions it I'esembles opianio 
arid very closely. Some of the more charactcri.stic derivatives of 
m-opianic acid were prepared from the specimen of thi.s acid which 
was originally obtained by the oxidation of cryptopideno (T., 
1916, 109, 929), and these are the following : 

The oxime (m. p. 140°) and the oxime anhydride (m. p. 132 — 
133°), both of which on heating pass into m-hemipmimido : 


(MeO)jC5H2< 


ch:noh 


(MeO)X’ 

I n 6 a^cO-0 


(MeO)2C,Hj<[;^>NH. 


The semicarbazone, {Me0),CeH,(C02H)-CH:N-NH-C0-NH„ melts 
at 227°. 

m-Opianic acid was also reduced to ra-meconine and yielded, bn 
acetylation, aeetyl-zn-opianic acid (m. p. 159°), 


meui 


\/\/ 

CO 


The formation of the latter substance suggests that m-opianic 
leid is capable of reacting in two different modifications, namely. 
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as the normal acid (VII) and as the psewdo-acid or derivative of 
hydroxyphthalide (VIII), 

Meo/^CHO 

(VII.) 

and much new material has now been accumulated which shovs 
clearly how very closely opianic acid and m-opianic acid resemblo 
each other in this respect. One of the most characteristic pro. 
perries of opianic acid is that of yielding two series of esters, namely, 
the normal carboxylic esters and the pseudo-eaters derived from tis 
hydroxyphthalide formula and containing the grouping ]>CH(0Me), 
An exactly similar property is exhibited by m-opianio acid, 
When the silver salt of this acid is digested with methyl iodide, 
the methyl ester formed is the normal ester (IX; m. p, J5°), bat 
the pseudo-methyl ester (X; m. p. 143°) is produced when m-opianic 
acid is boiled with methyl alcohol. 

CH'OMe 

McO/VhO 

MeOl JcOjMe MeOl is ^ 

CO 

(IX.) (X.) 


MeO, 

MeO! 




CH'OH 


\/\/ 
CO 

(VIII.) 


In cases other than that of the isomeric esters, opianic acid 
yields derivatives both of the normal and pscKdo-modilication, 
Towards seniicarbazide, this acid behaves as the aldehyde, bat 
Liebermann {Ber., 1890, 29, 174) has shown that the action of 
aniline and other amino-eoinpounds on the acid results in the 
formation of crj-stallinc substances wbich are always derivatives 
of the psejnfo-modification. Thus the anilino-derivative (m. p. 
187°) is insoluble in cold dilute sodium carbonate and cannot 
therefore be the normal derivative (XI), but must have the con. 
stitution represented by (XII). 

CO.,H /'''°\0 

m.oQch:.vc.h. c„4k.c.h, 

(XI.) (-X1I.) 

A careful investigation has shown that m-opianic acid behaves 
in these re 3 pect.s exactly like opianic acid. The semicarbazone o 
m-opianic acid is evidently derived from the normal acid, because 
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it is immediately soluble in cold sodium carbonate solution. Aniline 
and p-toluidine react very readily with aqueous or alcohobc solu- 
tions o£ ni-opianic acid, yielding immediate, crystalline precipitates 
£if the anilino- and p-toluidino-derivatives, which melt at 213° and 
respectively and are insoluble in cold dilute sodium carbonate 
solution. 

The constitutions of these substances must therefore be repre- 
sented by the formul® : 


CH-NH-C„H, 


MeOi 

MeO! 


^/\/ 

CO 

(XIII.) 


and 


IcOl I >0 
\/\/ 

CO 

(XIV.) 


It is remarkable that the .substance (m. p. 213°) produced by the 
action of aniline on m-opianio acid should prove to be identical 
with that which results when the anilino-dcrivative of 4 ; o-di- 
raethoxyphthalonic acid is heated with xylene (p. 1727). It is clear 
that the change 


MeO/Nc(:N'CoH5)'CO,H 

MeO'-^^COaH 

(XV.) 

does not accurately represent the decomposition, and it must 
therefore be assumed either that formula XV undergoes molecular 
change into XIII or that the aniUno-dorivativc of the phthalonio 
acid has the constitution XVI. 


MeO/NcHlN-CjH, 

MeOL^^COaH 


C(NH-C6H5)-C0.,H 

JleOl I 
\/\/ 

CO 


C(0H)'C0jH 

-McO' I 


It is also, of course, possible that the pdithalonic acid itself is 
capable of reacting in the pseudo-form XVII, in which case the 
anilino-dcrivative would be .XVI and its conversion into XIII as 
the result of loss of carbon dio.xide would follow as a matter of 
course. 

lu one respect, opianic acid and m-opianic acid exhibit a striking 
and unexpected difference, and that is in their behaviour with 
phenyUiydrazine. When a warm aqueous solution of opianic acid 
IS mixed with phenylhydrazine, it yields an oily, yellow hyirazont 
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which very rapidly becomes crystalline owing to the conversion 
into phenyhpiazom (m. p. 175“; p. 1744) : 

COjH 

MeO/NcHiN-NH-CeH, MeO/NcHIN^N-CoH, 

MeoM MeoM ^ ■ 

In the ease of m-opianic acid, the yellow, crystalline hydrazoiie 
(XVIll) is remarkably stable, and may indeed be crystallised frou 
methyl alcohol. At 185 — 190°, however, it becomes colourlesj 
owing to the formation of pJienyl-m-optazone (XIX) (m, p. 228“' 
p. 1743) : “ ' 

Meo/NcHiN-NH-aH, Mco/NcH^N-N-CsH, 

MeOl^^lcO-OH MeOl^y— CO-" " • 

(XVIU.) (XIX.) 

Both opianic and ni-opianic acids react with ds-phenylmethyl. 
hydrazine to produce stable derivatives of the formula 
(Me0)2C(.H2(C02H)'CH:N-NMe'C5H5 
(m. p. 167° and 237° respectively), which, owing to the presence 
of the iV-methyl group, are incapable of yielding derivatives ol 
the typo phenylopiazone. 


E X P E E I II E N T A L. 

Homoveratrole (Eormula 11). 

Honioveratrole was first obtained by Tiemann and Mendelsohn 
(Ber., 1875, 8, 1137) by the action of methyl iodide on the potass, 
ium derivative of creosol [CHj-CjHjlOJlel’OH^^l : 3 : 4], and late 
(T., 1906, 89 , 1649) Perkin and Weizmann simplified the process 
by substituting methyl sulphate for the methyl iodide.* In pre- 
paring the large quantities of material required for the present 
investigation, the following method was found to work well. The 
solution of crcosol (50 gram.s) in methyl alcohol (150 c.c.) ms 
gradually mixed with m, thyl sulphate (60 c.c.) and methyl-alcohohc 
potassium hydroxide (180 c.c. of 25 per cent.), and so soon as the 
reaction had subsided the whole was heated on the steam-bath 
for a few minutes, cooled, diluted with water, rendered strongly 
alkaline by the addition of sodium hydroxide, and extracted with 
ether. The extract was dried over potassium carbonate, the ether 

* There is an error in the quantities given for the preparation of -veratrole 
from eatechoi; the amount of methyl sulphate should be 275 grams, and 
not 75 grams. 



1731 


(4 : S-DIMETHOXY-O-ALnEHYDOBESZOIC ACID). 

femoved, and the residue fractionated, when about i'l grams of 
homoveratrole distilled at 128 — 130°/25 mm, and some unchanged 
creosol was recovered from the alkaline liquors. 

It was noticed that homovcratrole, after standing in the ice- 
clest for some days, had solidified to a mass of striated prisms; 
after purification by partial melting and decantation of the melted 
portion, the crystals melted at about 22°. 


4 : H-Dimethoxy-o-lolyl Methyl Ketone {Formula III). 

Harding and Weizmann (T., 1910, 97, 1127) obtained this 
substance by acting on homovcratrole and acetyl chloride, dis- 
solved in carbon disulphide, with aluminium chloride, but we have 
obtained a larger yield and a purer product by allowing the 
aluminium chloride to react lust with the acetyl chloride and 
afterwards adding the homovcratrole. 

Freshly-prepared and finely-powdered aluminium chloride (100 
grams) is gradually added to the well-cooled solution of acetyl 
chloride (30 grams) in carbon disulphide (200 c.c.) and, after 
standing for half an hour, homoveratrole (50 grams) is slowly run 
in, with constant stirring and cooling in icc- water. After remaining 
over-night, the mixture is heated on the steam-bath until hydrogen 
chloride ceases to be evolved, the carbon disulphide removed by 
distillation, and the residue decomposed by much powdered ice. 
The product is extracted with ether, the ethereal solution well 
washed with dilute hydrochloric acid and repeatedly shaken with 
5 per cent, sodium hydroxide so long as the extract (A) is brown ; 
it is then dried over calcium chloride, concentrated to a smalt 

■ bulk, and left in the iec-chest, when a crust of prisms quicldy 
(separates. The mother-liquor is decanted and the crystals are 

■ washed with a little ether with suction ; the substance then melts 
at 76—77°, and consists of pure 4 : 5-dimethoxy-o-toh’l methyl 
ketone. 

The ethereal filtrate is evaporated and the residue fractionated 
under reduced pressure, when, after traces of homoveratrole have 
passed over, the whole distils at ]7o°/lo mm. and orystalli.ses on 
cooling. 

The ketone is rather jparingly soluble in cold methyl alcohol, 
but dissolves very readily on warming, and separates, when slowly- 
cooled, in large, almost colourless, glistening prisms which do not 
lend themselves to accurate crystallographical mcaisurement. The 
yield is about equal to the amount of homovcratrole employed in 
the synthesis. 

The oxime was obtained by boiling the ketone (1-4 grams) with 

VOL. cxix. 3 o 
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hydroxylamine hydrochloride (1 gram) in alcoholic solution in the 
presence of excess of sodium acetate. Water was added, when 
on standing, the oxime separated in colourless prisms which, after 
recrystallisation from water, melted at 138° (Found: N=;C'8 
C11H15O3N requires N = 6-7 per cent.). 

The semiearbazone was prepared by boiling the ketone (1 
with semicarhazide hydrochloride (1-2 grams) and sodium acetate 
(3 grams) in aqueous alcohol for half an hour. On cooling, tie 
scmicarbazone separated, and was recrystalliscd from alcohol, when 
it melted at 208°. Harding and Weizmann {loc. cil., p. llijj 
state that it decomposes at 18G° (Found : N = 16-8. (,'alc,, 
N = 10-7 per cent.). 

The phenyUiydrazone separated gi'adually in crystals when the 
ketone was heated on the steam-bath with phenylhydrazine in 
dilute acetic acid solution. It was collected with the aid of the 
pump and washed with methyl alcohol, in which it rvas sparingly 
soluble. The colourless, crystalline residue melted without decom. 
position at 182°, whereas Harding and Weizmann (loc. cit., p. 1128) 
state that this phenyUiydrazone melts at 108—170° with dccou- 
position (Found : N = 10-5. Calc., N = 104 per cent.). 

The bemylifleitc derivative, (MeO)2(.V,H2Me’CO'CHICH-C5H;, 
separated as a mass of crystals when the solution of the ketoiip 
and hcn'/.alclehyde in a small quantity of methyl alcohol was mised 
with a few clrojis of oO per cent, potassium liydroxido and allowed 
to stand, .\fter erystallisation from alcohol, from w’hich it separated 
in needles, it melted at 110° (Found: C = 76-8; H = 60. 
CjjHjjOj requires C = 76-0 ; H 6-4 per cent.). 

The piperonylidene derivative, prepared in a similar maiiner. 
crystallises from alcohol and molts at 100°. 


b-IIydro.i-y-i-iiuthox-y-o-iolyl Melltyl Keloite, 

This substance, produced during tlic interaction of acetyl chloride 
with hom.overatrole in the presence of aluminium chloride, is 
extracted from the r lain product of the reaction with sodium 
hydroxide (A, p. 1731). 

The deep brown, alkaline extract is acidified, w hen an oil separates 
which soon solidifies to a brown mass ; this is collected, washed, 
and extracted several times with boiling water. Tlie aqueous 
extract, after decolorising with animal charcoal, deposits a mass of 
glistening ciystals, and a further considerable crop is obtained 
by concentrating the filtrate on the steam -bath under reduced 
jiressure. Finally, the substance is crystallised either from luncli 
light petroleum or from a mixture of benzene and light petroleum, 
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II which it is more soluble, and from which it separates in colour- 
ed, glistening, fern-like mas-ses (i’ound : C = 66-3 ; H = h-S, 
jjoHijOs requires C = 66-6 ; H = 6-7 per cent.). A Zeisel deter- 
uination gave OMe = l(i-7, whereas CjoHj^Oj containing lOMc 
•cquires OMe = 17'2 per cent. 

■^.Hydroxy-i-meihoxy-o-tolyl methyl ketone, melts at 123° and is 
paringly soluble in water or light petroleum, hut dissolve.s readily 
11 methyl alcohol or benzene. The solution in methyl alcohol 
lives with ferric chloride a rather faint yellowish-green coloration. 

The phenylhydrazone. was prepared hy adding the hydroxy- 
ketone (1 gram) to a solution of phcnylhydrazine (3 grams) in 
lO per cent, acetic acid and heating on the steam-bath for a few 
minutes. The yellow solution cloueled on cooling and gradually 
ieposited the hydrazone as a crystalline mass, which was collected 
nid lecrystallised from methyl alcohol, in which it was sparingly 
soluble in the cold and from which it separated in glistening prisms 
melting at 164—165° (Found : N — 10'4. requires 

tf = 104 per cent.). 

The Smicarbazone. — The hydroxy-ketone dissolves in a hot 
strong solution of semicarbazidc acetate and, on standing, groups 
Df prisms slowdy separate. This semicarbazone softens at 220° 
|uid decomposes at about 228 — 230° ; it is sparingly soluble even 

E l boiling water, but dissolves readily in dilute sodium hydroxide 
olution (Found : N — 17’7. OjjHjjOjNj requires M 17’7 per 
ent.). 

The pperonylidene derivative, 

MeO'C5H2Me(OH)-CO-CH:CH-G(,H3:02:t'H2, 

I readily prepared by boiling the hydroxy-ketone with a luethyl- 
Icoholio solution of piperonal and rather more than one molecular 
^oportion of potassium hydroxide for twenty minutes. After 
lost of the methyl alcohol has been distilled off under reduced 
ressurc, dilute hydrochloric acid is added, and the solid mass 
rystallised from alcohol, from which it separates in yellow needles 
lelting at 158° (Found : C = 69-0; H — 5-2. requires 

= 6!)-2; H — 5-2 per cent.). 

The Acetyl Derivative. — In preparing this derivative, the hydr- 
sy-ketone was boiled with excess of acetyl chloride for half an 
luf and the excess distilled from the clear solution, when a syimp 
mained which soon crystallised. The whole was stirred with a 
tie methyl alcohol, in which the acetyl derivative was sparingly 
luble, filtered with the aid of the pump, and recrystallised from 
ethyl alcohol, from which the acetyl derivative separated in 
ismatic needles melting at 108° (Found : C 64-8 ; H ■= 6-5. 
.2H14O, requires C = 64-8 ; H = 6-3 per cent.). 


3 o2 
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Mdhylalion of the Hydroxy-kelone— The ketone (1 gram), guj, 
pended in a little methyl alcohol, was graduaUy mixed with methyl 
sulphate (1-5 c.c.) and methyl-alcoholic potassium hydroxide (5 c.c, 
of 23 per cent.), and, after remaining for an hour, the whole 
was heated on the steam-bath for- ten minutes. On the addi. 
tion of water, a mass of needles gradually separated, and this was 
collected and recrystallised from a little methyl alcohol, from 
which the substance separated in small prisms melting at 76". 
That this substance is 4 ; 5-dimethoxy-o-tolyl methyl ketone 

77 °; p, 1731) was shown by careful comparison and by 

the method of’ mixed melting points. The conversion under the 
conditions described above is almost quantitative. 


OxickUion of 4 ; 5-Dimelhoiy-o4olyl Melhyl Ketone. 

The main object of the study of this oxidation was to discovrr 
the conditions for the preparation of 4 : 5-dimethoxy-o-phthnlonit 
acid in a state of purity. It is explained in the introduction (p, 17251 
that the oxidation of this ketone by means of permanganate leads 
to the formation, not only of the acid just mentioned, but also ol 
4 ; 5 .dimethoxy.o-tolylglyoxylic acid, m-hemipinic acid, and oxalic 
acid and the complete separation of the phthalonic acid from 
oxalic acid proved to be particularly difficult. As the result of s 
series of comparative experiments, the following process has hot 
been devised, which yields the phthalonic acid without difficulty 
in a state of purity. A flask containing water (200 c.c.), potassium 
carbonate (10 grams), and the ketone (20 grams), and fitted will 
a vigorously acting stirrer, is heated on the. steam-bath until tli! 
ketone has melted, the source of heat is then removed, and ^olu- 
tion of potassium permanganate (75 grams) m boiling water (SOOc.f.l 
run in rather rapidly. The oxidation appears to take place m 
distinct stages, the first probably being the oxidation of the acr t; 
group and the second that of the methyl group. At first tho 
permanganate is very rapidly reduced, sufficient heat being de- 
veloped to cause the liquid to boil vigorously; at the second stap, 
the Lion is much less rapid and the fla.sk may be replaced on the 

steam-bath to complete the action. 

The whole is filtered with the aid of the pump, and the fain 
coloured filtrate and avashings of the manganese P>'eeipd<* ^ 
mixed with hydrochloric acid until the yellow colour P^ducec - 
persists; the liquid is now acid to litmus, but does not reari .« 
Congo-paper. After concentrating considerably on 
hath, the hot liquid, which is now acid to Congo-paper, 
strongly alkaline with ammonia, mixed with oalciu 
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( 4 fl grams) dissolved in a little water, and, while still hot, the 
granular precipitate is collected With .the aid of the pump and 
rvashed with hot water (filtrate B). The residue, a mixture of 
the calcium salt of the phthalonic acid and calcium oxalate, is 
stirred with hot water and dilute hydrochloric acid until the liquid 
is ju.st (but distinctly) acid to Congo-paper. In this way the 
insoluble neutral calcium salt of the phthalonic acid is converted 
into the soluble acid salt, whereas the calcium oxalate remains 

unchanged. 

.\fter filtering from the calcium oxalate, the filtrate is evaporated 
to a small hulk, when, on standing, the acid cakium salt separates 
splendidly as a hard crust of prisms ; it is collected (C) and allowed 
to dry in the air. Analysis showed that this salt, dried at 100°, 
is anhydrous [Found : Ca = 7-5. (CjjHj„ 05 ) 2 Ca requires Ca = 7-3 
per cent.]. 

This salt is rather readily soluble in boiling water, but sparingly 
so in the cold, and when the hot solution is decomposed with a 
considerable excess of hydrochloric acid (the phthalonic acid is 
much less soluble in hydrochloric acid than in water), the solution 
gradually deposits the pure acid in cru.sts of pale amber prisms. 
A large crop of crystals of the same acid is also obtained, when the 
filtrate from the calcium salt (C) is mixed with excess of hydro- 
chloric acid and allowed to stand. The filtrate (B) from the 
neutral calcium salts is concentrated considerably, when, on 
standing, a crust of calcium salt .separates. This salt is very 
sparingly soluble in boiling water, but readily so in hot dilute 
hydrochloric acid, and, on cooling, an acid separates in pale ochre 
needles which melt at 202 — 201° with vigorous effervescence, and 
this was found to he »n-hemipinie acid.* On lui.xing the filtrate 
from the calcium salt of this acid with a large exce.ss of hydro- 
chloric acid, a turbidity was produced and soon a large quantity 
of a crystalline acid separated which, alter i-ecrystallisation from 
hot water, melted at 155° and proved to he 4 ; 5-dimethoxy-o- 
tolylglyoxylic acid, (MeO)2C'5HAIe-0O-GO2H (Harding and Weiz- 
inami, T, 1910, 97, 1128). 

After working up the mother-liquors, the yields of the various 

’(Found: C ^ 532 ; H -= 4-5. Ci,H,„Oo requires C ^ 531 : H 4'4 
per cent.). At certain concentrations, »i-hemipinic acid .separates in groups 
of prmns without water of cryst.allisation, and, if rapidly heated, these melt 
at 18!) — 190° with vigorous decomposition (compare Dobbie and Lauder, 
T., 1899, 75, 677). Tire behaviour of the acid with aminoniacal calcium 
chloride is characteristic. If the strongly alkaline solution of the ammonium 
salt is mixed with calcium chloride, there is no iminediuto precipitate, but 
the solution will soon gelatinise, and, on boiling, the sparingly soluble calcium 
salt separates in a crystalline form. 
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substancea obtained from the product of the oxidation of 60 grains 
of 4 : ri-dimethoxy-o-tolyl methyl ketone were aa follows : 


4 : S-Dimcthoxyphtlmlonic acid 

4 : 5-Dimellioxy-o-tolylglyoxylic acid 

w-Hemipinic acid 

Calcium oxalate 


40 grams 

10 M 

1-5 „ 
4-5 „ 


If the oxidation had proceeded completely from the ketone to the 
phthalonic acid, the yield of the latter should have been about 
80 grama. 


4 : ri-Dimelhoxyphlluihnic Acid (Formula V). 

This acid is almost miscible with boiling water, and the pah 
amber prisms which separate on cooling contain two molecules of 
water, since, on analysis, the air-dry substance gave C = 4.r8, 
45-7; H = 5-0, 5-1, whereas OuHjoO^.SHjO requires C = 45'6: 
H = 4‘9 per cent. When the crystals are heated in the steam-ovm, 
they readily lose 1 mol. of water (Found : lo.ss — 6'7. CiiHj|)O7,2H20, 
losing IH.jb, requires lo.ss = 6-3 per cent.) and the acid then gave 
0 = 48-6;" H = 4-6, whereas CiiHioO;,H 20 requires C = 48-o: 
H = 4-4 per cent. 

There is no further loss on heating at 120°, indicating that the 
remaining molecule of water is constitutional.* The acid has no 
definite melting point. If the crystals containing 211,0 are rapidly 
heated in a capillary tube, they soften at 100°, become yellow, and 
are partly melted at 150°, but. fusion is not complete until 18i', 
when decomposition takes place with evolution of gas (see beloiv) 
and formation of a yellow .syrup. After the hydrated acid has 
been thorougiily dried in the steani-ovon, there is no softening 
below 1.50°, but above this temperature the acid becomes yellow, 
gradually softens, and melts at 188° with decomposition. 

It was subsequently found possible to prepare the unhydrated 
phthalonic acid by digesting the hydrated acid with much ether, 
in which it i.s very sparingly .soluble, and anhydrous .sodium sulphate 
on the stcam-bath for two hour.s. After remaining for two days 
with frequent shaking, the ethereal solution was concentrated 
considerably, when, on standing, a crust of colourless priarar 
separated (Found : C = 52-0: H = 4-0. I’nHjoO, ie!|uii'eo t 
52-0; H = 3'9 per cent.). 

This specimen of anhydrou-s 4 : 5 -diiinethoxyphthalonic acid 
softened and liecame gradually yellow above 170° and melted at 

* The stiiteinenl (T„ 19(12, 81, 10-23) that this .acid lesi's two moleciilo 
of water at 100® is incorrect. 



1737 


(4 : 5-dimethoxy-o-aldehydobes7,oic acid). 

about 187° with decomposition. It is curious that the anhydrous 
acid is sparingly soluble in cold water and dissolves only gradually 
on warming, whereas the liydi-ated acid is very readily soluble in 
water (see p. 17d6), 

Decomposition by Heat.—ll the crystals, OnKjjOj, 211^0, arc 
heated in a test-tube at 200 — 210° In a sulphuric acid bath, the 
melted mass becomes yellow, gives off water and a little carbon 
dioxide, but the gas does not burn, and no direct experiment has 
been made to demonstrate the presence of carbon monoxide. A 
small sublimate, probably eensisting of tetramethoxydiiihthalyl 
(p. 1726), is deposited in yellow needles on the portion of the tube 
actually in the hot sulphuric acid. 

The yellowish-brown melt, w^hich solidified completely, was 
boiled with a considerable volume of water, when a cloudy liquid 
was produced which, on cooling, deposited a .small quantity of a 
red-ochreous mass. This was collected (A) and reciystalliscd from 
glacial acetic acid, in which the substance was very sparingly 
soluble and from which it separated in pale yellow crystals melting 
above 250°. This substance is probably identical with the sub- 
stance, CsjjHijOj, previously obtained (Perkin, T., 1902, 81, 1025) 
by heating 4 ; 5.dimethoxyphtbalonic acid with water in a .sealed 
tube at 200°, and there, can he little, doubt that it is tetrainethoxy- 
cliphthalyl (compare p. 1726). It dissolves in concentrated sulphuric 
acid, yielding an intense purple, solution, and the addition of a 
drop of nitric acid changes the colour to deep liluish-violct. The 
aqueous filtrate (A) from this suhstaiiee was concentrated con- 
siderably, w’hen it depiosited a very small quantity of the anhydride 
of ■m-opianic acid in needles melting at 230°. On rem, lining exposed 
to the air, the, filtered solution gradually deposited pale amber 
prisms, which melted at 188 — 190° and consisted of w-homipinic 
add, and this acid is the main product of the decomposition. It 
was curious that the. mother-liquor from this acid, on long standing, 
gradually deposited a small quantity of the much less soluble 
ui-opianic acid. 

Action of Sulphuric Acid . — 4 ; o-Dimethoxyphthalonic acid is 
coloured orange-red by sulphuric acid, and, on wanning in the 
■steam-bath, the solution becomes deep reddish-brown and elter- 
'wscos owing to the escape of carbon monoxide. On diluting with 
water, the colour is discharged and the liquid seta to a mass of 
crystals of wi-hemipinic acid w'hich, in this ca-se, separated from 
water in needles molting at 200—202°. 
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Action of Aniline on 4 : ii-Dimetkoxyphlhalonic Acid. Fornuilio^ 

of the Aniline Salt of Amlino-4 : 5-dimetlwxijphthalonic Acid 
(MeO)2C,H2(C02H)-C(:N-OoH,)-C02H,CeH5-NH2. 

The hot aqueous solution of 4 : 5-dimothoxyphthalomo acil 
(2'o grams) reacts readily with aniline (3 c.c.), and if the cloudy 
liquid is kept at 80 — 90°, a mass of crystals of the above aniline 
salt will soon separate. 

This is collected with the aid of the pump and washed 
well with water and then with benzene, which removes all the 
coloured impurity and leaves the pure aniline salt as a colourless 

crystalline mass melting with vigoroii-s decomposition at 179 uqs’ 

The yield is about 1'8 grams (Found ; C = 6o'4 ; H = 5'4 ; 17 = (jq 
CjsHjjOgNj requires C = 6o'4; H = 5’2; N = 6-6 per cent.) 
This substance is rather sparingly soluble in methyl alcohol in the 
cold, but dissolve.s readily on boiling and separates in glistening 
laminre. It is almost in-soluble in benzene or bght petroleum 
and rather sparingly so in cold acetone, from which, however it 
crystalhses well. It dissolves in hot glacial acetic acid, but nothing 
separates on cooling or diluting with w'ater. Dilute hydrochloric 
acid colours it yellow, and on warming a clear, colourless solution 
results, from which nothing separates on cooling. 

The crystals of the aniline salt dissolve readily in concentrated 
sulphuric acid to a deep orange-red solution. 

The aniline salt is decomposed by cold sodium hydroxide solution 
with the separation of aniline, and it is interesting, as showing the 
great tendency to form this salt, that if the liquid is now rendered 
faintly acid with hydrochloric acid, the aniline salt again separate.?, 
melting at 178’ (Found : N = 6'2 per cent.). If, however, the 
aniline is removed from the alkaline solution by e.'Ctraction with 
ether, hyolrochloric acid preeipitate.s a viscoms acid which gradually 
sets to a resin, and this substance is presumably anilino-4 : S- 
dimethoxyphthalonic acid, but it was not further investigated. 

The aniline .salt decomposes on heating at ISO — 190° with elimina- 
tion of carbon dioxide, and the residual resin crystallises from 
methyl alcohol, melts at about 190° to a cloudy syrup, and consists 
of slightly impure anilino-m-opianic acid (see below). 

This substance was subsequently prepared in considerable 
quantity in the following way. The aniline salt (2 grams) is almost 
insoluble in pure xylene (20 c.c.), but, on boiling in a reflux apparatus 
for half an hour, carbon dioxide is eliminated and a clear yellow 
solution obtained. On cooling, a mass of crystals .separates, and 
these are collected and boiled with much methyl alcohol in order 
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<0 separate the anilino-derivative, from a very sparingly soluble 
substance present in small quantity (A, see p. 1740). 

From the concentrated filtrate, the new substance separate-s a.s 
3 meal of short prisms (Found ; N = 5-0, CuHijOiN requires 

= 4-9 per cent.). 

Aailwo-m-opi'antc act'd (formula Xtll) melts at 213—214° and 
is very sparingly soluble even in boiling methyl alcohol; it dis- 
solves more readily in acetone and crystallises well in short prism, s. 

It is coloured yellow by concentrated hydrochloric acid and 
dissolves in concentrated sulphuric acid, yielding a deep pure 
yellow solution which, on the aildition of a drop of nitric acid, 
changes to intense brown. It is soluble in dilute ammonia in the 
cold to a colourless solution. The decomposition of this substance 
by hot dilute hydrochinrio acid into aniline hydrochloride and 
B-opianic acid is de.scribed on p. 1740. 

Aclioii of ji-Toluidine on A : o-Dimdhnxyphlhilonic Acid. — The 
solution of the acid (2-5 grams) in boiling water (2,u c.c.) was mixed 
with p-toluidine (3'5 grams) and the whole heated on the steam- 
bath, when a crystalline sub.stance .sepirated which was collected 
with the aid of the pump and washed first with water and then 
with light petroleum. The colourless residue of the •p-iohidinc 
salt of ^-lohidino-i : o-dimellio.riiphllialontc add (compare p. 1727) 
separates from methyl alcohol in glistening Hakes and decomposes, 
with evolution of gas, at 103—160° (Found ; N = 6-3. CjjHjjOjXj 
requires N — 6-2 per cent.). When this substance (3 grams) was 
boiled in a reflux apparatus with .xylene (12 c.c.) for half an hour, 
crystals of p-lohidino-m-opiartic acid (formula XIV) began to 
separate from the hot liquid. After cooling, the substance was 
coUeoted and washed with benzene, when it melted at about 223° 
(Found : X = 4'7. CjjHpjOjN' requires X = 4-7 per cent.). 

This substance is decomposed on boiling with dilute hydrochloric 
acid in a similar manner to the corresponding anilino-derivative, 
yielding p-toluidine hydrochloride and m-opiaiiie acid. 


ni-Opmnic Acid (4 : 5-Ditnelhoxy-o-aldehydobmzoic Acid) 
(Formula VII). 

lliis acid may be obtained from 4 : o-dimetlioxyphthalonic acid 

(i) by boiling with a solution of sodium hydrogen sulphite, or 

(ii) by digesting anilino-m-opianic acid (.see above) with dilute hydro- 
elilorio acid. 

In process (i), the phthalonic acid-(25 grams), dissolved in water 
and mixed with anhydrous sodium carbonate (11 grams), is 
evaporated to dryness, when the sodium salt remains as a satiny, 

3o* 
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crystalline mass. Freshly-prepared sodium hydrogen sulphite 
(100 e.c. of 50 per cent.) is warmed at 50°, the powdered sodium 
salt gradually added, and the whole heated in a water-bath at 
60° for half an hour and then on the steam-bath until gas cea,se8 
to be evolved. The mass is evaporated to a paste, mixed with a 
large excess of 10 per cent, hydrochloric acid, evaporated to com. 
plete dryness, and extracted with ether in a Soxhlet apparatus 
for ten days, during which nearly pure m-opianic acid separates 
from the ether in crusts. The drawbacks to this process are the 
tedious ether extraction and the fact that the yield is not more 
than 60 per cent, of that theoretically possible. 

In proce.ss (ii), crude anilino-rK-opianic acid (as it separates from 
the xylene, p. 1738), in quantities of 10 grams, is heated on the 
steam-bath with water (50 c.c.) and concentrated hydrochloric 
acid (20 c.c.), when the yellow colour first produced soon fades 
and partial solution takes place. After half an hour, the whole is 
cooled, the precipitated acid collected, wa.shed with a little water, 
warmed with dilute sodium carbonate solution, and filtered from 
a small quantity of an insoluble .substance (A).* On acidifying the 
filtrate with hydrochloric acid, a chalky precipitate separates 
which melts at 184 — 18.5° and consists of almost pure m-opiaiiic 
acid. 

After recrystallisation from water, in wdiich the acid is very 
sparingly soluble in the cold and from which it separates as a 
chalky poi\'der consisting of microscopic, fern-like group, s of needier, 
the melting point wa.s 18(>— 187° (Found: C = 57-2; H = ,50. 
CijHipOj requires 0 = 57-1 ; H = 4-8 per cent.). m-Opianic acid 
is very sparingly soluble even in boiling methyl alcohol, but dis- 
solves readily in boiling acetone ; it is also readily soluble in glacial 
acetic acid and separates in mici' 0 .suopic balls of needles. It 
crystallises particularly well from 50 per cent, acetic acid in rather 
characteristic stars of long, striated needles. A careful com- 
parison showed that this acid is identical with the m-opianic acid 
(m. p. 184—185°) obtained from crypttpidene by oxidation with 
permanganate (T., 1910, 109, 928). In addition to the properties 
recorded at that time, tl.e following observations have been made, 
A mixture of the acid with phenol gives, with a little concentrated 
sulphuric acid, a pale cherry-red coloration which, on warming, 

* This curious .substance is almost insoluble in the ordinary organic 
solvents, but crysiallise.s from tnuch boiling glacial ticetic acid in lemon-tellos 
spangles winch do not melt at 280^ (Found: C -- IKi-3, H - 

.1-3: N = 4'3, 4-,5. CjjHijOjX rcqiiire.s C ^ 07-4; H ■= 3-3; N == 4-9 per 
cent.). This substance is insoluble in boiling mcthyl-alcoliolio potassium 
hyilToxide, but dissolves readily in coucentrated sulphuric acid -BiflKml 
ch.-uigt- of colour, end the addition of water givtst a gelatinous precipitate. 
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becomes deeper and then brown. Water precipitates a yellowish- 
green substance which dissolves in sodium hydroxide to a cherry- 
rcd solution. The acid, suspended in benzene containing thiophen, 
gives with sulphuric acid an intense cherry-rcd coloration which 
disappears on dilution with water. The acid dissolves in sulphuric 
acid to a yellow solution, which gradually becomes brown ; at 160°, 
much sulphur dioxide is disengaged and the colour becomes deep 
treen and then violet. Ou adding water, a brown substance 
separates which dissolves in sodium hydroxide, producing a deep 
violet solution, evidently due to the presence of an authraquinone 
.lerirative corrc.sponding with rufiopin (tetrahydroxyanthraquiiione), 
nhich is formed under similar conditions from opianic acid (Lieber- 
luaiin and Chojnacki, .dnnafen, 1872, 162, 323). 


The Methyl Eskra of m-Opianic Acid (compare p. 1728). 

The normal methyl e.stcr (formula IX) is obtained when methyl 
iodide reacts with the silver salt of ?n-opianic acid. 

This silver salt was precipitated, on the addition of excess of 
silver nitrate to the neutral solution of the ammonium salt of 
m-opianic acid, as a gelatinous mass whicli, on standing and e.spceially 
on warming, became granular and ciystalline. It wa.s collected 
uith the aid of the pump, washed well, and dried on porous porcelain 
in the steam-oven (Found : Ag = 34-0. t'lijHjOj.Ag requires 
-ig = 34'0 per cent.). 

The dry salt wa.s powdered, digested with anhydrous ether and 
excess of methyl iodide in a reflux apparatus for two hours, and 
the ethereal .solution evaporated, when a colourless sjTup remained 
which gradually cry.stallised in warty group.s: erystallkatiou was 
much facilitated by rubbing with a little methyl alcohol. After 
draining on porous porcelain, the substance was reciystallised from 
methyl alcohol, in which it was much more readily soluble than 
the pseudo. methyl ester (see below) (Found : C = o8-7 ; H = 5-2. 
I'jiHjjO- requires C — 58-^ ; H = o-o per cent.). 

I’his normal methyl ester of m-opianic acid melts at 93 — 95° and 
IS readily soluble in benzene and most organic solvents, but is 
sparingly soluble in light petroleum, it is insoluble in cold dilute 
sodium hydroxide, but dissolves readily on warming, and hydro- 
chloric acid gives a precipitate of m-opianic acid melting at 185°. 

Action of Aniline . — When aniline is added to the warm solution 
of the normal methyl ester in methyl alcohol, the clear liquid soon 
begins to deposit a colourless, crystaibne substance which melts 
at about 143° (Found : N = 4-8. requires X == 4-7 

per cent.). 

3o* 2 
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There can be no doubt that tins interesting substance is 
methyl ester of normal anilino-w-opianic acid, 

(MeO)3CeH2(COjMe)-CH:N-CjH5. 

The pseudo-methyl ester of m-opianic acid (formula X) is produced 
when m-opianic acid (2‘5 grams) is boiled with methyl alcohol 
(50 c.c.) in a reflux apparatus for two hours. The product is con- 
centrated to a third of its bulk, when, on standing, the paeuio. 
methyl ester (2‘2 grams) separates as a mass of colourless needles 
(Found : C = 59'0; H = ,'>■3. CnHijOs requires C = 58-9; H = 

5 '3 per cent.). 

This pseudo-methyl ester melts at 142 — 143° and is less soluble 
in organic solvents than the normal methyl ester. It dissolves^ 
however, readily in benzene, but is almost insoluble in light petrol- 
eum, and crj’stallises well from a mixture of benzene and a little 
light petroleum in needles- It does not di-ssolve in dilute racthyl- 
alcoholio potassium hydroxide in the cold, but, on boiling, is at 
once converted into the sparingly soluble pota-ssium salt of m- 
opianic acid. It differs from the normal methyl ester in crystal- 
lising unchanged from hot methyl alcohol to which aniline has 
been added. 

Anhydride, of m-Opianic Acid. 

This substance is readily produced when the acid, contained in 
a test-tube, is heated in a sulphurie acid bath for four hours at 
200° and then for two hours at 230°. The residue is pale biwn 
and sets to a transparent mass like colophony, which is almost 
insoluble in water or dilute ammonia. 

It was powdered, dissolved in boiling acetone, the solution 
digc.sted with animal charcoal, and concentrated, when, on cooling, 
a voluminous mass of colourless needles .separated (Found : C == 59'5; 
H = 4'3. C^qHigO^ requires C = 59'7 ; H = 4'5 per cent.). 

This anhydride shrinks at 210° and melts at about 230°; it is 
sparingly soluble in cold methyl alcohol or acetic acid, but dissohos 
very readily in boiling acetone. It crystallises well from acetic 
acid as a voluminous mass of needles. It does not dissolve in 
methyl-alcoholic potas-sium hydroxide in the cold, but does so 
readily on warming and, after adding water and boiling away the 
methyl alcohol, the addition of hydrochloric acid gives a clew 
solution, from which m-opianic acid crystallises in needles melting 
' at 185°. 

Action of Aniline on jo-Opianic Acid. 

When the boiling aqueous solution of the acid is mixed "itt 
aniline, a cloudy liquid is produced and soon a mass of crystal 
will separate. The same substance is obtained when aniline is 
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added to a boiling methyl-alcoholic solution of m-opianic acid. It 
is sparingly soluble in boiling methyl alcohol and crystallises in 
stout prisms melting at 213 — ^214°. 

An analysis, careful comparison, and mixed melting-point deter- 
mination showed that this substance is identical with the anilino- 
Dj-opianic acid obtained in the manner described on p. 1727. As 
this result was unexpected (compare p. 1729), a similar experiment 
was made on the action of p-toluidine on m-opianic acid, when a 
substance was immediately produced which, after crystallisation 
from methyl alcohol, melted at 220—222° and was found to be 
identical -with the p-toluidino-nj-opianic acid described on p. 1727. 


Aclion of Phenylhydmzine on m-Opiamc Acid : Formation of Ike 
Pkenylhydrazone of m-Opianic Acid and of Phmtjl-m- 
opiazone (Formulas XVIII and XIX). 


When phenylhydrazine is added to the boiUng aqueous solution 
of m-opianic acid, a voluminou.s, crystalline precipitate separates 
which, since it is completely .soluble in cold dilute ammonia, evidently 
consists entirely of the phenylhydrazone and docs not contain any 
phonyl-m-opiazone (see beloiv). This substance is very sparingly 
soluble in boiling methyl alcohol, and separate.$ in minute, lemon- 
yellow needles which must be at once collected, because, if allowed 
to remain, they will become contaminated with colourless crystals of 
phcnylm-opiazone (Found : N ^ 9-2. requires N = 

9'3 per cent.). Ihe hydrazone shows a striking behaviour in a 
capillary tube, since at 1H.5— 190° the yellow crystals suddenly 
become colourle.ss owing to conversion into phenyl-m-opiazone 
and the melting point is then 228°. Another way of converting 
the hydrazone into the 0[)iazone is by boiling with concentrated 
hydrochloric acid, when the orange solution first produced become.s 
colourless and crystals of the opiazone separate. This substance 


was recrystallised from much alcohol, from which it separated in 
glistening needles melting at 228° (Found : X = 9-8 . C,bH,. 0,X 
requires N ~ 9'9 per cent.). 

PhenyUm-opiazone dissolves in concentrated sulphuric acid to a 

00 ourless solution, and the addition of a drop of nitric ajid produces 

1 salmon coloration which is discharged by water. 

Action of ns-PhenylrMthylhjdrazine.—mien the boiling aqueous 
solution of ni-opianic acid is mixed with phcnylmethyDiydrazine, a 
\oluminous, crystalline precipitate separates which crystallises from 
a 00 ol, in which it is very sparingly soluble, in balls of yellow 
needles (Found: X = 9-1. requires X = 8'9 per 

1 i o/ 0 f^'^y^'^*‘P^ylhydrazone. of acid meltg at 

a ou 37 without change of colour, and is incapable, owing to 
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the presence of the methyl group, of being converted into a su]). 
stance of the t3^ of phenyl-jn-opiazone. When heated at 250' 
this substance melts to a dark brown syrup, gives off gas, and tho 
residue crystallises in needles insoluble in ammonia. No furihpt 
examination wa.s, however, made of this product. 

Action of Pheni/Uydrazine and of rhcnylmcihylhydmzinc on Opianir 
Acid. 

These experiments were in.stitutcd with the object of comparing 
the behaviour of opianic acid and m-opianic acid when treated witJi 
these reagents. Licbermaiin {Ber., 1886, 19 , 764) state.? that the 
hot aqueous solution of opianic acid gives, with phenylhydrazinf 
hydrochloride and sodium acetate, an oil which, on cooling, solidifies 
and after recrystallisation melts at 175° and has the formula 
CigHjjOjN, (phenylopiazone). Since thi.s behaviour is very dif- 
ferent from that of w-opianic acid (see above), the action of pheoyl- 
hydrazine on opianic acid wa.s repeated and it was found that thf 
oil produced on mixing a hot aqueous solution of opianic acid 
with phenylhydrazine is evidently the normal phenylhydrazonf, 
CicHif.OjNj, since it is completely soluble in ammonia in the 
cold. This sub.stancc, unlike the phenjdhydrazone of wi-opianic 
acid, is very unstable and quickly passes into phenylopiazone 
with loss of water. The stable phenylmethylliydrazone is readily 
obtained when a boiling aqueous solution of opianic acid (5 gramsl 
is mixed with phcnylmethyihydrazine (2'5 c.c.). The milky liquid 
deposits an oil which will soon crystallise, and this substance 
separates from methyl alcohol, in which it i.s readily .soluble, in 
groups of lemon-yellow needles (Found : N = 8'9. 
requires N = 8*8 per cent.). 

Opianic acid pfhcnyhncfhylhpdrazom melts at 167® with previou> 
softening, and is immediately soluble in cold dilute ammonia. 

The Dy.soJf Perrins L-\i;orat«4RV, 

Oxford. [Reccivtd, Seiileinhn 'llth, 1921 .] 


CXCVIII . — The Constitution of Polysaccharides. 

Part III. The Relationship of \-Ghicosan to d- 
Gluco.se and to Cellulose. 

By .James Coi.qdhoun Ikvine and .John Waltek Hyde Omh.«i 

In a previous communication (Irvine and Soutar, T., 1920, 117, 
1489) it has been shown that the yield of pure glucose obtainable 
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from cotton cellulose is, as a minimum, 85 per cent, of the theoretic al 
amount calculated on the basis of the equation (CjHjjOj )n + 
jiH.O “"t>- irCgHjjO,.. This result is in itself insufficient to prove 
that the molecular unit of unmodified cellulose consists entirely of 
condensed glucose residues, but additional evidence pointing to 
this conclusion has been obtained in the course of recent work 
(.Monier-WiUiama, this vol., p. 80.3). During the pa.st four years, 
di.scussion on the con.stitution of cellulose has heen prominent, and 
of the various .structural alternatives which have been put forward 
the simplest is that cellulose may be regarded as a polymeride of 
('jHjjOj. The unit, in turn, would be derived from glucose, so 
that, on this basis, the degradation of cellulose involves botli 
depolymerisation and hydrolysis. It is unnecessary to review the 
earlier literature in which this idea has been developed, a.s the 
.subject has heen extensively studied by Pictet and his collaborators 
who, in a series of papers, have contributed some interesting sugges- 
tions (Pictet and Sarmsin, HeliK Chim. Ac(a, 1918, 1, 187, and 
subsequent papers). 

It will be, recalled that, by subjecting either cellulose or starch 
to dry distillation under diminished pressure, Pictet obtained a 
number of volatile products, the most significant being the well- 
defined crystalline compound hitherto known as i-glucosan.” 
The compound in question, which had previously been obtained by 
the hydrolysis of certain natural glucosides, possesse.s the formula 
CjHijO; and is convertible into glucose on treatment with acids. 
Cliico.san thus represents one of the possible anhydro-glucoses, and 
it may be remarked that according to current views on sugar 
structure (Irvine, Pyfe, and Hogg, T., 191.“i, 107, 524, and subse- 
quent papers) no fewer than forty non-rcdncing anhydro-glucoses 
may exist, .and the number of isomerides is increased to 100 if 
reducing compound.s are taken into account. Pictet's observation 
is intcrc.sting and offers a convenient method of preparing glucosan, 
but it i.s doubtful if the formation of this anhydride gives any clue 
to the constitution of starch or of cellulose. According to Pictet, 
both poly.saccharides arc polymeridcs of glucosan, and consequently 
dry distillation involves merely disruption of the complexes into the 
simple units of which they arc composed. In the particular case 
of carbohydrates, where the comjilexity of the changes undergone 
during heating are notorious, it is unlikely that clear evidence as to 
molecular structure could be obtained in any reaction conducted 
at high temperatures. Nevertheless Pictet, in e.xtending his 
experiments on the dry distillation of carbohy’drates and their 
derivatives, has not only claimed that cellulose and starch arc 
polymerides of glucosan, but has not hesitated to propose radical 
alterations in the formulae generally accepted for certain natural 
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gluoosides, the suggestions being based on the fact that, in such 
oases also, glucosan was present in the volatile products of decom 
position. These conclusions will be criticised in due course, mean 
while it may be stated that the results now communicated show that 
there is no structural relationship between cellulose and i-glucosan 
It is inadvisable to speculate as to the course of the reactions 
involved in the dry distillation of cellulose, but, as acids are produced 
it is highly probable that hydrolysis to g-glucose is an essential 
factor and that the sugar is thereafter converted into the correspond 
ing anhydride. It has, in fact, been proved experimentally in jhg 
course of the present re.seareh that i-glucosan is 1 : 6-3-gIueose 
anhydride and aceoi'dingly the expression “ j3-glucosan ” may be 
substituted for the older name. 

In order to explain the principle underlying the investigation it 
is nece.ssary to refer to results obtained in this laboratory by Denham 
and Woodhouse (T., 1913, 103, 1735, and subsequent papers) 
These workers found that cellulose could be converted into a tri- 
methyl cellulose from which, on hydrolysis, a crystalline triuiethji 
glucose was obtained. Obviously, if cellulose is a polymerised 
3-glucosan, trimethyl cellulose must he regarded as a polymeride of 
trimethyl p-glucosan. Pictet’s views can thus bo subjected to a 
rigid experimental test by preparing trimethyl gluco.san and con. 
verting it into the corresponding trimethyl glucose by hydrolysh. 
The .scheme involved, together with the relationship of oelIulo.se to 
cellobiose, may he represented diagrammatically as under : 


3-Glucos.an 

t 

Triniethyl 

P-glucosan 


Trimethyl glucose. 
A. 


C('llulo.se 

I 

t 

C'ellobio.se 




Trimethyl cellulose 


Hcptametliyl I 

mcthylcellobioside 

-A I 

Tetramethyl | 

4 glucose i 

Trimethyl glucose. Trimethyl glucose. 


a 


B. 


If the trimethyl gluco.ses indexe.l as A and B are identical, it follows 
that the glucosan unit is present in cellulose, and Pictet’s polymerisa- 
tion theory would then receive strong support. On the other hand, 
if the methylated glucoses are isomeric, Pictet’s vie^^'s cannot be 
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iheld- trimethyl glucose (X) derived from 

Ticosan is t‘oi' identical with that prepared from trimethyl cellulose, 
but is li*® sugar already obtained by one of us from methylglucoside 
(Irvine and Dick, T., 1919, 115, 593) and by Haworth and Leitch 
(T 1919. maltose, further, the identity of 

B and C (Haworth and Hirst, this vol., p. 193) shows clearly 
that the cellobiose residue is an integral part of the cellulose 
molecule. 

^-Glucosan, prepared by Pictet’s method, was converted by the 
silver oxide reaction into trimethyl p-glucosan, at least two treat- 
ments with the methylating mixture being necessary. Unless 
properly conducted, excessive oxidation occurred with the con- 
sequent formation of alkylated acids and e.sters, hut under suitable 
conditions a good yield of trimethyl glucosan was obtained. This 
compound distilled at 135“/12 mm. as a mobile, refractive liquid 
which solidified to a mass of large, colourless prisms, melting after 
recrystallisation from ethyl acetate or from ether at 63 — 64°. The 
compound is readily soluble in organic solvents, is Imvorotatory, 
and is devoid of action upon Fehling’s solution. 

When trimothyl ^-glucosan was heated at 100° with dilute 
hydrochloric acid, the rotation altered from Isevo to dextro, and 
the trimethyl glucose thus produced was isolated as described 
ill the experimental part. The properties of the sugar are com- 
liarccl below with those of the isomcride obtained from trimethyl 
cellulose. 


Tdimthyl <jluc.ose fmn glmosun. 
Liquid; b. p. lCO^ia4»/0-2 min. 
(lives trimethyl glucosan on heating. 
Gives a erystalline 0-raethylglueos. 
ide. 

May be obtained from inaltoso but 
not from cellobiose. 


Trimetliyl glucose from irimethjl 
cetlulosc. 

Crystalline; m. p. 123 — 124°. 

Stable on heating. 

Gives a liquid ^.methylglucoside. 

May be obtained from cellobiose but 
not from maltose. 


Despite the fact that their optical rotations lie close together, 
there can be no doubt that the compounds are utterly distinct, 
and the significance of this result has already been pointed 
out. 

With the object of estabhshing the constitution of glucosan, 
attention was accordingly directed to the detailed study of the 
trimethyl glucose obtained from it. The variable optical rotations 
displayed by different preparations of the sugar suggested its 
identity with the form of trimethyl glucose already isolated from 
methylglucoside and from maltose. 
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Trimethyl Ghcose. 



(1) 

(2) 

(3) 


From methyl- 

From 



gill coside. 

maltose. 

C-gliicosan 

i alu in water 

48-6®; GO-r 

-(- 69-3° 


,, in acetone* 

46-2"; 58-8'’ 

H- 61-4° 

-f 60-8^ 



1-4/80 1-4768 

1-4792 

1'4780; Pl-i 

Comnnsition found 

C- 4003; 

C 48-o2; 

c - ts-ris'.” 


H - 7-98 

H 8 02 

H -ST 8'09 0 


Crjmposifinn f*«!cii!afcd C - 48-C4: H - S-10 


It will be seen that although the five different preparations of (li, 
sugar proved on oxidation to ho identical in structure, the specific 
rotations showed curious irregularities, A satisfactory explanation 
of this is found in the analytical results, in which the hydrcgai 
value is slightly low whilst the carbon content is either very close 
to the calculated value or is actually higher. We have shown that 
the variations in activity and the abnormality in the analytical 
results arc due to tlie tendency of the sugar to pas.s into the cone- 
spending anhydride, small quantities of which are produced in ttc 
course of vacuum distillation. This internal dehydration tikes 
place most readily with the ,S-i.someridc and the production of even 
minute quantities of the fl-anhydridc (that is, trimethyl gluoosan) 
depresses the activity greatly without notable alteration of the 
analytical results. 

The most trustworthy optical rotation of the triraetliyl glucose 
is given by observing the end-point attained when the sugar is 
formed by hydrolysis. Thus, on hydrolysing trimethyl glucosaii. 
the specific rotation of the sugar pro.sent in the solution was -i-7o S'. 
whilst starting from trimethyl niethylglucoside the value -|-73S' 
was recorded. The true rotation of the sugar in water is doubtless 
of the above order, but the identification of this form of trimethyl 
glucose is a difficult matter and depend.s ultimately on the results 
of oxidation. 

In the first place, in order to e.stablish that the trimethyl glucose 
obtained from gluco.san ' ■ a derivative of butylene-oxide glucose, 
the compound was fully inethylatfd by the silver oxide reaction. 
The product con.si.sted of -z- and fi-tetramcthyl methylglucosides 
which, on hydrolysis, w<-re converted into tetramethyl glucose ol 
the butylene-oxide tjqic. melting, after recry.stalli.sation, at 9,5 — 96°.* 

* It is unfortunately iieceasarj- to correct one of the misleading statements 
made by Karrer, who has chosen to conduct investigations on tin- fid'i 
associated with this lalmratory and to copy our methods. He daim.s (Karin 
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When oxidised with nitric acid, the trimcthyl glucose was con- 
y^rted into trimethyl saccharolactone, which ^yas isolated in the 
form of its ethyl ester. From this, in turn, the parent lactonic 
acid was regenerated and found to be identical with that described 
r Haworth and Leitch {loc. cU.). The compound is thus derived 
from a dibasic acid, and the trimethyl glucose yielding such an 
acid must have the constitution shown below : 

1 0 , 

OH*CH 2 *CH(OMe)*OH*CH(OiTe)*('H(OMe)‘CH-OH. 

a necessary consequence, it follows that hi the lonnation of 
glucosan from glucose, dehydration involves the reducing group 
and also the terminal ]>rimary aleoholie group. Provided the 
hutyienC'Oxide structure is preserved (whicli has now been shown 
to be the case), tw'o possibilities are available according as the sugar 
reacts in its a- or (5-form. There sliould thus be two ])ossiblc 
glucosaiis possessing the following constitution : 


and Widmer, Hch'. Chhn. Aelu, 1921, 4 , 174) lliat “ j3*lclramothyl glucose ” 
iriclts at 94®, and not at the lower values winch have been reported in our 
papers. It may be pointed out that although many re.searehes have been 
devoted to the subject, B-tetrarncthyl glucose is quite unknown, as only the 
o-Iorm and the equilibrium iui.\lurc have been isolated. Evidently Karrer 
has made the elementary mistake of assuming tliat a sugar isolated from a 
B-glucoside will permanently retain the 3-configuration. 

That Karrer's statement is not due to a typographical error is confirmed 
bv the importance he attaches to the fact that, in the complete mcthylation 
of cellobiose, he obtained a pure 3*fonn. whereas Haworth and Hirst’s pre- 
paratLon of heptarnetljyl mcthylccllobioside (foe. eiV.) admittedly contained 
some of the a-isoraeridc. This implied criticism of Tlaworth and Hirst s 
results is quite unjustified, as, irrespective of the proportion-s of a- and 3-forms 
in a glucosidc, the same sugar is isolated after liydrolysi.s. 'Iliia was estab- 
lislierl many years ago (Purdie and Irvine, T.. 1901, S5, 1049, ai^d s\ibsequcnt 
papers) as part of the pioneer work conducted hi this laboratory in propaiation 
for our invesligation of the constitutional prohleras of the di- and poly-sac- 
eharides. 

The error made by Karrer is unlikely* to mislead experienccrl workers in 
the sugar group, but unless corrected may give rise to ronfu.sion in l iew of 
The complications of the nomenclature now in use. 

Further, it must be stated that it has long been known to us that the 
melting point of tetramethy! glucose rises as the content of the a-isomcride 
increases. The melting point thus varies greatly according to the proportion 
of ^-form present and is further affected, owing to convereion into the 3- 
isomeride, by the rate of heating during the doterinmation. Values of 100® 
may be obtained by rapid beating, but we prefer to quote an average figure 
based, not on one re.sult, but on an experience extending over twenty 
years. 
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H-C^: — 
H'toH" 

HO'C-H 

h.6-' 


H-C-OH 

CHj 

c.‘GlKcos(m. 


0 


C-H 

^ HO-C-H ^ 

H-C 

H-C-OH 

CH, 

fi-OlucQsan. 


The, above formula are based on Bocseken’s structure for k- ajj 
p-glucose, and lead at once to the conclusion that la8vo-glucn.san is 
derived from p-glucose. This agrees with the formula put forward 
by Pictet (Udv. Chim. Acta, 1920, 5, 649) and the ^-configuration 
was confirmed in the following w'ay. p-GIucosan was heated at 
100° with metiiyl alcohol containing 0-5 per cent, of hydrogen 
chloride, the time of treatment being varied so as to arrest the 
reaction before the raethylglucosidc first formed had assumed 
equilibrium with its stereoisomeride. The crystalline product 
invariably contained a greater propoition of the |3-isomeridc than 
was found in the equilibrium mixture by Jungius [Pm. K. Ahl 
WetenscL Amsterdam, 1903, 6. 99), thus indicating that |3-me%l. 
glucoside is the first product when the glucosan ring is opened. 

Parallel experiments conducted on trimethyl glucosan gave a 
similar result, and the reaction yielded mainly the crystalline 
triraethyl (3-methylglucoside, ra. p. 81) — 88°. As this particular 
glucoside had not been previou.sly obtained in the p-form, the 
compound was prepared directly from trimethyl glucose. The two 
preparations proved to be identical in every respect, thus confirming 
the 13 -configuration of tevo-glucosan. 

It is now possible to trace the main reactions which arc 
responsible for the formation of p-glucosan from cellulose. In 
the course of the dry distillation, acids are produced in con- 
siderable quantity with the consequent formation of glucose. The 
g-form of the sugar then undergoes dehydration and distils for- 
ward as the anhydride. It may be remarked that the distillation 
under diminished pressure of carbohydrates and their derivatiies 
is greatly affected by the speed of heating. When the time of 
contact with the hot surface is reduced to a minimum it is possible 
to remove the volatilised material before appreciable decomposition 
takes place. Thu.s, we find that, under conditions described m 
the experimental part, not only p-glucosan but both a- and 
methylglucosides may be distilled unchanged in practically quanti- 
tative amount. These examples show that many factors are 
operative in determining when a carbohydrate or its derivatives 
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may b® found in the jiroducts of dry distillation, but it is evident 
that any compound which yields p-glucose on hydrolysis may be 
expected to yield p-g!ucosan in Pictet’s reaction. The complete 
series of reactions carried out in the course of the research is shown 
in the following scheme : 


Starch 



Cei luloso 


P-Alethylgluco^ido 


I'etramethyl meUiylgtucosido 


Tetrainetbjl glucose 


■S- Y 
Trimethyt 
;3-methylglucoslde 


Ethyl ester of trimethyl 
sacctiarolactone 

I 

t 

Trirnethyl saccharolactone. 


Disatssion of Results. 

The cfsential point which ha.s emerged as an issue of the present 
research is that p-glucosan hears no structural relationship to 
cellulose. Pictet’s views appear to have been widely accepted, but 
have not escaped criticism, and, in particular, it has been pointed 
out that they are inconsistent with the fact that cellulose can be 
degraded to cellobiose, and starch to maltose. It has now been 
e.stablished that the conversion of cellulose into p-glucosan is 
essentially a dry distiUation of p-glucose. Our results thus support 
the opinion expressed by Hess and Mittelsbach {Zeitsch. Elektro- 
ehem., 1921, 26, 232) and no other conclusion can bo drawn than 
that the production of glucosan from cellulose is adventitious. 

Recently, however, Keilly {Helv. Chim. Ada, 1921, 4, 616) has 
replied to Hess and produced evidence which he claims to 
substantiate Pictet's polymerisation theory. Keilly subjected 
methylated celluloses to dry distillation under diminished pressure 
and obtained a “ dimethyl laevo-glucosan ” from which a “ dimethyl 
glucose ” was obtained. These results have no bearing on the 
problem at issue. An incompletely methylated cellulose, irre- 
spective of its constitution, would give products of the above 
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composition, and the conversion o£ the dimethyl glucose into j 
trimethyl ^ucose which could be compared with Denham aiij 
Woodhouse's product w*ould be valueless (even if it were possible] 
as there is no means of determining which of the hydroxyl positioiuj 
available for methylation should be substituted. The results ive 
now contribute supply tbe necessary information and lead to an 
entirely different conclusion, 

IVith regard to the structure of p-glucosan, the formula we suggest 
agrees with that which Pictet finally supported (Hdv. Chim. 

1 920, 3, 649), but it must be pointed out that his explanation of 
the isomerism displayed by the so-called ‘ d- and /- gluco.san!. 
is most improbable. He regards both anhydrides a.s derived Iron, 
the same form of glucose, the anhydride ring being an ethylono 
oxide for the d-form, and a hexylene oxide for the (-isomeride. In 
all probability d-glucosan will be found to be an anhydride of 
a*gIucose just as /-gluco-san is now shown to be the 1 , 6-anhydride 
of , S-gluco.se, 


Itdatioitdtl p of {i-O'luco-san lo bidiural Glucoside^. 

In developing the idea that p-glucosan i.s a constituent part of 
important carbohydrates, Pictet [Ih’h. Chiin. Arid, 1919, 2, 698) 
has proposed radical alterations in the constitution of certain 
natural gluco-sides. llecognising that many of these oompound.s 
share with (3-glucosan the property of being loevorotatory, he suggest,; 
that they are structurally related. So many objections may be 
offered to this opinion that it is nccclless to summarise them. Tin- 
fact that typical glucosides, such as salicin, give [3-glucosan on dry 
distillation is regarded by Pictet as confirmatory evidence, but it 
reference to the standard literature on the sugars is made it is in- 
conceivable that such vierv-s will find acceptance. Natural glucos- 
ides are larvorotatory in that es.sentiaily they^ are derivatives ol 
3-gIucose, and it may be recalled that when Nef put forward the 
idea that a- and p-glucosides differed structurally, and not in the 
stereochemical position of the glucosidic group, his arguments iutc 
convincingly refuted by ''hseher. 

One of the test cases quoted by Pictet may now be criticised m 
detail in order to show how divergent his gluco.side formula is fTOni 
well-establi.shed reactions. He .suggests for salicin the structure 

HO-CH CH-OH 

CH-O-CH 
OHj-OH GH-OH 

O-CjHj-CHj-OH 
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Quite apart from the fact that a substance of the above type would 
probably be a reducing sugar and not a glucoside, it* is evident 
that no attention has been directed to the constitutional study 
of salicin undertaken by Irvine and Rose (T., 1906, 89 , 814). These 
workers prepared, both synthetically and directly from salicin, a 
well-defined, crystalline pentamethyl salicin. This, in turn, gave 
on hydrolysis tetramethyl glucose of the butylene-oxide type : 

OMe’CH 2 -CH(OMe)- 6 H-CH(OMe)-OH:(OMe)-CH-OH ' 

In other words, salicin is constituted on the same model as p-metliyl- 
glucusidc, so far as the sugar chain is concerned. 

On the other hand, according to Pictet’s formnla the only alkylated 
sugar obtainable from pentamethyl salicin would be a tetramethyl 
kxose of the structure shown below : 

OMe'CH 2 'CH'CH{OMe)-CH(OMe)-C(OH)-CH.>-OMe 
' - 0 ' 

The above sugar has already been described and is not a derivative 
of glucose, but is the tetramethyl fructo.so of the butylene-oxide 
type {Steele, T., 1918, 113, 2o7). It hears no relationship to tetra- 
methyl glucose, which, as .stated, has long been known to result 
when pentaraetliyl salicin is liydrolysfd. 

The acceptance of Pictet's views would thus jucan that the 
naturally-occurring ghicosides showing a la:vorotation are not 
glucosides but fructosides. It may he remarked that, since putting 
forward his glucoside formula, Pictet has revised his opinion as to 
the constitution of gliicosan. Me has not, however, corrected hi.s 
formula for salicin and other natural ghicosides, nor would it he 
possible to do so without assuming rupture of the butylene oxide 
ring. This again would preclude the po.ssihility of pentamethyl 
salicin yielding tetramethyl glucose or of being synthe.sised from 
this sugar. 

Tlie.se criticisms are offered in the hope that the permanent 
literature of the sugars will not be further complicated by .spccula- 
lions on .structure which are based on insecure evidence and are 
made without reference to previous work. 


hi X F E It t M E X T A I.. 

Prcpanaion, of 

The coiidiUous laid down by Pictet and 8 arasiu were followed 
in 111 the lirst instance a specially pure form of fibrous cellulose 
n as employed, hrom the semi-erystalline distillate pure fl-glucnsan 
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was isolated, and similar results were obtained with cotton vml 
and filter paper. The use of cellulose in any form is inconvenient 
The low thermal conductivity of the material prevents uniform 
heating of the mass and although in small-scale working the yield 
of distillate quoted by Pictet (44 per cent, of the ceUulose taken) 
was verified, it was seiiously diminished when larger quantities 
were employed. The bulk of the glucosan required was therefore 
prepared from starch, used in the form of lumps as the powdered 
material proved unsuitable owing to the fine particles being carried 
forward mechanically during the vacuum distillation. 

The distillation apparatus was made of quartz and was attacked 
to an efficient condensing system, the vacuum being provided by a 
Geryk oil pump driven electrically at a .speed which kept tbe 
pressure at 8-10 mm. In the earlier experiments, heating ivas 
effected by immersion in a bath of fusible metal, hut in large-scale 
working superior yields were obtained by heating with the Iree 
flame. This mn.st be conducted cautiously at first, as othervise 
the starch swells and fills the side tube of the flask, hut in the 
later stages of the distiUation both the bottom and sides of the 
flask wore heated irith powerful burners .so as to prevent refluxing 
In each experiment 100 grams of starch were used, giving from 
43 — 48 grams of a dark, viscous syrup which distilled at 2o0~ 
300^/10 mm., a carbonaceous residue remaining behind. The syrup, 
on keeping in shallow vessels, gradually crystallised, and after 
draining on a porous plate the material was wa.shed uith cold 
acetone and crystallised from boiling alcohol. Thereafter, the 
product was decolorised by boiling in aqueous .solution with animal 
charcoal and, on recrystalh-sation from water, gave pure p-glucosaii. 
In all, 4300 grams of starch yielded 1070 grams of syrup, from 
which'230 grams of pure glucosan were isolated. The yield is thus 
less than 0 per cent, of the polysaccharide u.scd, hut may be much 
improved by modifications which will he described m another 
communication. 


of Trifficthyl ^-Glucosan. 

This reaction was earned out on several occasions, but only one 
typical experiment need be quoted. Twenty-five grams (1 mo .) 0 
glucosan were dissolved in 132 grams (6 mols.) of met y 10 ^ 

Lxed with 115 c.c, of methyl alcohol. Methylation was efiected 
by the gradual addition of 108 grams (3 mols.) of silver oxide and 
the reaction was continued at the boiling point of the iqui » 
seven hours. On isolating the product in the usual 
viscous syrup remained which, as a rule, was fully so u e in m 
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Complete methylation resulted when a second treatment 
•ith the above proportions of the methylating reagents was given, 
Yery little, if any, extraneous solvent being employed. The pro- 
duct was extracted with boiling ether and the filtered extract dried 
ind evaporated. In this way 27 grams of a mobile syrup remained 
vhich boiled indefinitely at 140 — 170‘’/20 mm. On repeated 
frictionation, the materia] was separated into two components, 
the main fraction boiling at 145 — lo0°/18 mm. and the less volatile 
liquid at 165 — 16Cl°/17 mm. The distillate of lower boihng point 
trvdallised readily, and the sohd was removed by suction and 
rc'crjstalliscd from ether. The product separated in aggregates of 
rhombohedra, and an average specimen melted at 62°, the maximum 
recorded being 66°. The boiling point of the pui'ified material was 
13o''i°/12 inm. (Found: C = 52'76; H = 7'75; OMe = 45'5. 
CjHijOj requires C = 52'94; H = 7'84; OMe — 45'6 per cent.), 
■'lie molecular weight, determined in benzene by the cbulliosoopic 
inelbod, was 212 (C\,H ]|.05 requires M = 204), so that the compound 
was moiiomolecular. 


Solvent, 

c. 

L“li. • 

Acetone 

5 0000 

- 03-6® 

Water 

5-0000 

- 63-5 

itethyl alcohol 

4-0016 

- r.3-2 

Uenzp.rie 

5-0000 

- 48-5 

Conversion of Trimethyl 

^■Chicosaii into 

Trimeihjl Glucose. 

A i-o per cent, solution of trimetliyl glucosan was prepared 


water containing 3-6 per cent, of hydrochloric acid and the .solution 
was heated on a boiling-water bath, polarimetric readings being 
takim at intervals of an hour. The rotation gradually altered 
from tevo to dextro, and finally, after six to eight hours, attained 
a permanent value which varied between -f 70-0° and 7C'G°. There- 
after the acid was neutralised with lead or barium carbonate, and 
the solution filtered and evaporated to dryness in a vacuum. On 
e-draetiiig the rccsidue with acetone and removing the solvent, a 
sjTup remained. This was essentially Iriiuethyi glucose con- 
taminated with traces of lead compounds which were, however, 
left undi.ssolvcd on extraction with ether. The purified sugar was 
distilled (b. p. I 6 O--I 647 O •2 mm.) and rectified in the course of a 
second distillation. The refiactive index, n„, was 1-4780 (Found : 
C = 48-58; H = 8-09; OMe = 4t-9; M, in boiling benzene solu- 
tion, = 231. CgHigOg requires C 48-64 ; H = 8-10; OMe ^41-9 
percent.; M = 222). 

file sugar was a colourless viscid syrup which showed no tendency 
to solidify when nucleated with the crystalline trimetliyl glucose 
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prepared from cellulose; It failed to form an osazone and yielri 
a crystalline anilide only with difficulty, but gave a well-definej 
crystalline glucoside when condensed with methyl alcohol. 

The following observations were made on the optical activit- 
of the sugar : •' 


Solvcnf. c. [a]^ varied from 

Water 4-086 42-7“ to 66-8 

2-276 + 47-3 

.\cctonc 3-400 4- 60-8 to 70-3 

3[etlijd alcohol 3-366 -|- 55-6 to 60-1 


As explained in the introduction, different preparations of tlii- 
sugar give widely divergent specific rotations, and the vaJup. 
(quoted above are the extremes found by us. Repeated distillation 
depressed the dextrorotation, lowered the hydrogen value, and 
increased the carbon content, so that the result is evidently due to 
dehydration and reconversion into trimethyl glucosan. 

This was confirmed by heating a specimen showing the speeiSo 
rotation + 45-9° with 6 per cent, hydrochloric acid. The dextro. 
rotation tlion increased rapidly and on again isolating the sugar 
it gave [a]o -f 62-2' in aqueous solution. 


( ' 0 n s t i I ution of fhr T rimr.t hyl Q I tic one 
obtained from Trimethyl Glucosan. 

Conversion into Tetramethyl Glucose. 

Two methylations by means of the silver oxide reaction gave 
tetramethyl methylgluco.side (Hj, = 1-4469). This was hydrolysed 
in the usual manner and as the preparation was a mixture of i- 
and p-isomerides the rotation .show-ed the customary rise and fall 
in the dextro-sense. The tetramethyl glucose thus produced 
melted at 96°, gave satisfactory analytical figures, and showed 
niutarotatlon in absolute alcohol ([».][, + 99-4° - -->- 84-3°). In water, 
the optical change was [ctjp + 92-2° — > 83-8°, and these values agiw 
well with the standards for tetramethyl glucose. 


Oxidalio'. of Trimethyl Gluco.se. 

In order to decide which of the two possible trimethyl glucose.^ 
was pre.sent the sugar was oxidised in the usual manner with nitric 
acid (D 1-2). A variation w-as, however, introduced in that after 
the remov'al of the bulk of the nitric acid by successive concentration 
to half bulk at 40° /20 mm., alcohol was added and the evaporation 
repeated. This treatment was continued and the product "as 
finally heated in absolute alcohol containing a trace of hydrogen 
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rhloride- In this way the sugar was converted into the ethyl 
esW of trimethyl saccharolaotonc, which was purified by distillation 
under fl-4 mm. pressure (Found ; G = 50-33; H = fi-78; OMe 
35 . 0 ; 0 Et=^ 17-03. GiiHjjO, requires C = 50-38 ; 11.^6-87; 
O.ile = 3.7-0 ; Oht = 17-2 per cent.). The compound was a pale 
velloa'j mobile liquid and contained one, lactonio and one esterie 
jroup (0'200o gram required 12-55 c.c. of A'/lO-alkali in place of 
[he calculated amount. 12-75 c.e.). Moreover, when dissolved in 
iqucfius alcohol, the compound showed the decrease in de.vfrr). 
rotation characteristic of lactones in this series. 

Solvent. c. 

Uisolute alcohol , 1*011) 73‘4‘’ 

.Aqueous alcohol 1 -101! + 05-8’ -> -tl-ft in seventy hours. 

The ester was thereafter converted into the corresponding acid 
hv heating in aqueous alcoholic solution with exees.s of barium 
hydroxide. After one hour at 100°, the excess of alkali was pre- 
fipilated with carbon dioxide and the filtered liquid evaporated 
at .50’ /20 mm. The barium salt thus obtained was dccomijosed 
\fith sulphuric acid and the lactonio acid isolated in the usual 
manner (Found : 0 = 46-02; H = C)-24; OMe = 3S-9, OH 0 
requires C = 46-15; H = 5-<J8; OMo = 39-7 per cent.)* The 
presence of one carboxyl and one lactonic group was confirmed 
i)y titration, and the change in specific rotation in 50 per cent, 
aqueous alcohol was + 76- 1 ° — -> 54-8°. Thc.se constants are in good 
agrrement with those previously detenninod for- trimothyl ,sac- 
eliarolactone. 


Conversion of fi-Olvcosan into f.-.Mdhylghcoside. 

l-'iir reasons given in tlie introduction, ,'1-gluco.san wa.s converted 
inki the corresponding methylgIuco.si(lc under conditions which 
iuiniuii,sod the interconversion of the «■ and 3-forms. A 10 per 
cent, .solution of 3-glueosan in metliyl alcohol containing 0-468 
iier cent, of hydrogen chloride was heated at 100°, and samples 
«erc afefracted at intervals in order to ascertain by methoxyl 
(sumations when the whole of the glucosan had reacted. In this 
"ay It was possible to arrest the condensation hefoi-e the gluco, sides 
Had attained equilibrium. After forty-one hours' treatment, tlie 
<r)s a me product was isolated and found to consist of a mixture 
ct tlic isomeric methylglucosides (Found : OMe -= 15-2. C.H 0, 
requires OMe = 15-9 per cent.). The amount of pure ,8-mcthyl- 
g cosi e present was 30 per cent., in place of 23 per cent., which 
r c proportioir in equilibrium with the oe-forra. ,S-Methylghicoside 
ere ore the first to be produced when fi-glucoaan condenses 
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with methyl alcohol, thus proving the ^-configuration of tl, 
anhydro-oompound. 

Thia was confirmed in the course of several experiments. Pd 
example, the reaction between glucosan and methyl alcohol was 
arrested when the specific rotation was -f 72-3'’. The 
glucosides thereafter isolated consisted of 62-0 per cent, of the 
o(- and 38 per cent, of the fi-form. On continuing the coudensatioa 
the proportion of the oc-isomeride increased at the expense of the 
p-form, and this increase of activity at the end of the reaction 
confirms that p-methylglueoside is the first product of the con- 
densation. 


Conversion of Trimethyl ^-Glvrosan into Trimethijl 

A 44 per cent, solution of trimethyl glucosan in methyl alcohol, 
containing O-o per cent, of hydrogen chloride, was heated at Uo=, 
and samples were withdrawn after the reaction had proceeded for 
eighty-five hours, one hundred and .sixty-six houi-s, and one hundred 
and ninety hours respectively. In each case the products wore 
isolated by standard methods and proved to bo mixtures of the 
a- and p-isomcric forms of trimethyl methylglucoside. The P-cora- 
pound, which crystallised on keeping, was separated by draining 
on a tile and purified from light petroleum. The compound wa.i 
deposited in fine needles, m. p. 03—94° (Found: C = 50'78; 
H = 8-57 ; OJfe = 50-9. C„^2o06 requires C = 50-84 ; H = S-li : 
OMe = 52-0 per cent.). For c = 1-5, the spe-cific rotation in methyl 
alcohol was •- 22-9°. When hydrolysed with 2-5 per cent, hydro, 
chloric acid at 100°, the compound was converted into trimethyl 
glucose, the specific rotation then altering from — 19-0° to -f fiP a" 
(corrected for the hexoso formed, -|- 73-8''). 

The liquid form of trimethyl methylglucoside consisted of the 
a-isomei'ide retaining some of the p-form in solution. This was 
shown by the behaviour on hydrolysis witli 2-5 per cent, hydro- 
chloric acid. The specific rotation then displayed the characteristic 
rise and fall significant of the presence of two isomerides of oppo.sitf 
rotation which hydrolyse at different speeds. 


Time from start 
jii minutes. 

<» 

120 

aso 


specific rotation. 

S3-0 

80-0 

71-3 


In this case also, clear evidence was obtained that the reaction 
of the methylated glucosan with methyl alcohol gave the cones- 
sponding p-gluco.side in the first instance, as the pi-oportion of the 



the COHSTITUTlOfT OB' POLYSACCHABIDKS. PAET III. 1759 

jj-Tstalline isomcride steadily diminished with continued heating, 
'xiius, " hen the condensation was arrested at the end of one hundred 
and sixty-six hours, the specific rotation of the liquid was + 55-6°. 
ytfr an additional twenty.four hours’ heating, the value had 
iiioeased to + 104-8° without any alteration in methoxyl content, 
slioiving that the final change is the conversion p — > a. 

distillation ^-Glucosan and of «- and ^-IlethyUjlucoside. 

Ill view of the opinions expressed in the course of this paper, 
It was desirahlo to ascertain the behaviour of [i-glucosan when 
heated under diminished pre.saure. It was found that when small 
ijuuitities arc used the compound may be distilled unchanged. 
i'S Grams of glucosan were heated in a silica flask connected by 
a short air-condenser to a receiver which was coupled to a pump. 
The material was heated with the naked flame. The compound 
melted and, under a pressure of 9 mm., commenced to sublime, but 
as the temperature was raised, normal distillation took place and 
2'3 grams passed into the condenser and receiver. The product, 
after reorystallisation from alcohol, was pure p-gluoosan, melting 
at 178—180° and showing [*]„ — 65-4° in aqueous solution. 

i-Methylglucoside behaved similarly when heated in small 
quantities. Thus, 1-4 grams gave 1-3 grams of distillate which 
solidified to a glass on cooling. On cryrstallising from alcohol, 
this material was shown to he pure a-racthylglucosidc, melting at 
167° and giving [*]„ + 155° in water. 

S-lIethylglueosidc gave an equally satisfactory result and the 
distillate crystallised in the receiver. Without further purification 
the compound then melted at 104 — 106°, and this value was un- 
aSceted by crystallisation from ethyl alcohol or by admixture witli 
an authentic specimen. The specific rotation in water was — 30-0°, 
and the distillate thus consisted of pure p-methylghicoside. The 
above result was not obtained when a metal bath was used as the 
source of heat, the gluco.sidcs then decomposing without distillation. 

The authors de.sire to express their indebtedness to the Depart- 
ment of Scientific and Industrial Research for a grant which 
enabled one of them to take part in the investigation. 

CuKMIC.iL KeSE-CRCH L.aBORATORY, 

t xiTEu College of St. Salvatoti axu St. Leonard, 

lixlVERsiTY OF St. Axdrews. [Rex^nivfdy Septembey 2'ith, lU2i.] 
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CXCIX . — Studies in Emulsions. Part 111. Further 
Investigations on the Reversal of Type hy Electrolytes^ 

By Shanti Swarupa Bhatnagar. 

1\ A prcN'ious paper of this soric.s (this vol., p. 61), the effects of j 
large number of electrolytes on the reversal of phhses in emulsions 
prepared with univalent soaps have been described. A compleif 
quantitative investigation on the effects of electrolytes on emulsion 
equilibrium being of fundamental importance for the elucidation 
of the mechanism of emulsification, attempts were made to exaininr 
whether emulsions prepared with the so-called insoluble emulsiticrs 
of Pickering could undergo a reversal of type under the influence 
of electrolytes. The effects of volume ratio of the phases and 
temperature were minimised by carrjung out the experiments at 
about 17— 1!T and by adding a moderate amount of the emulsifying 
agent to equal volumes of the two phases. It has been shown 
that under these conditions (Clayton, '‘Margarine Manufacture"; 
Bhatnagar, T., 1920, 117 , 542) the type of emulsion obtained is 
mainly dependent on the nature of the emulsifying agent. The 
emulsions were prepared in the manner described in previous 
papers {loc. cit.), and were examined by the drop method of Briggs 
and confirmed by the electrical method [loc. cit.) and under the 
microscope. 


Experiment a l. 

Eincly-divided solids like basic salts of copper and nickel wre 
first used by Pickering (T., 1907, 91 , 2002) in preparing concentrated 
emulsions. No attempts seem to have been made by him or any 
other investigator in the field to examine whether a reversal of 
type can be brought about in emulsions prepared in that fashion. 
Earlier attempts 'cvith ordinary, finely-powdered hydroxides ot 
zinc, cadmium, and alumiriDm lu'ought out nothing new. Latei, 
it wa.s considered desirable to prepare fresh samples of zme hydr- 
oxide for use as emulsifying agent. In order to do so, about 6 grams 
of pure zinc sulphate were dissolved in about 200 c.c. of water 
and an excess of potassium hydroxide solution was added, so that 
all the zinc hydroxide precipitated ivas dissolved. Small quantities 
of dilute hydrochloric acid were then slowly added until the preci- 
pitate just reappeared. Such a solution, when kept for some lime, 
threw down a moderately large quantity of zinc hydroxide as 
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to iituluiu- The coagulum and liquid were transferred to a parch- 
mcDt dialyser and left theje for five days. The water in the outer 
vc«l w*® changed from time to time until no more alkali diffused 
nut the dialy.ser and the liquid became neutral to litmus, 

Xhe coagulum was then made up to a litre and transferred to a 
carefully cleansed, resistance-glass flask. On agitating this .su.s- 
pfiisiciu with B.P. paraffin or kerosene oil, it was possible to form 
.tabic emulsions sensitive to electrolytes, the emulsions prepared 
liv iisiug the alkali-free suspensions of zinc hydroxide forming the 
ivater-in-oil typo of emulsion, as opposed to those prepared by 
alkaline zinc hydroxide, which formed the oil-in- water type. The 
line hydroxide coagulum formed by precipitation with ammonia 
similar results in dialysed and undialyscd forms as long as 
the coagulum was kept moist. Dried zinc hydroxide was incapable 
af forming stable emulsions. Several samples of 20 c.c. of .sus- 
jieiisioii, each of equal weight, were emulsified with 20 c.c. of oil. 
Xhe quantity of zinc hydroxide in the aqueous phase was approxim- 
ately H’3 grams per Utro in each case. The effects of various 
flcctrolytes were then examined on emulsions prepared by using 
this suspension alone and with various electrolytes, and some of 
those results are shown in Table 1. 

Table 1. 

Zinc Hydroxide. 

AjnoiL'lt oE aqueous phase — 20 e.c. 

Amount of kerosene oil -= 20 c.c. 

Quantity of zinc hydroxide = 3-2 grains pii* litiv. 




Quantity in 





gram-mots. 

Type of 


i'lociTolytt'. 

per cent. 

emulsion. 

Stability. 

1 

1 

O-OOO.') 

W in 0 


Kfl 

2 

0-001 



1 

;} 

0-005 



1 

1 

0-0005 



K.SO, 

•1 

0-001 

„ 

All quite slabU'. 

1 

3 

0-000 


1 

1 

0-0001 



AIjSO,), - 

2 

0-001 



1 


0-005 



b.PO, 1 

[1 

0-001 



1 n 

0-002 


Si'panitiou into iayci-.s. 


1 3 

0-003 

0 in W 

KOH \ 

1 1 

0-001 

- \V in 0 




0-00 J 5 

0 in \V 


1 

Is 

0-002 



XaOH 


0-002 
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In order to obtain further results, coagula of lead oxide, 
carbonate, copper and aluminium hydroxides, casein, lecithin 
rosin, and egg-albumin were prepared in a somewhat similar fashion 
and some of them are descrilied in detail later on. 


Lead Oxide. 

Prepamlion . — By precipitating the insoluble oxide by the action 
of the hydroxide on a solution of lead nitrate and dialynsing the 
coagulum as in the case of zinc hydroxide. 


Table II. 


Amount of aqueous phase = 15 c.c. 

Amount of oil phase — 15 c.c. 

Amount of lead oxide = about 4*2 grams per litre. 


Electrolyte. 

Quantity in 
gram-mols. 
per cent. 

Type of 
emulsion. 


fl 

0-002 

W in 0 

KCl 

I 2 

0-004 

„ 


la 

0005 



ii 

0-003 


KiSO, 

■ 2 

0-0042 


i3 

OOOC 



n 

0-001 


Ah(SO,): 


0-003 


(3 

0-000 



fl 

0-0021 


K 3 PO, 

2 


0 in \V 

l3 

0-009 



(1 

0-002 

W in 0 

KOH 

u 

0-004 

0 in \V 


I3 

0-005 



Stability. 


Not very stable. 


Stable in all other 


Almnifiiitm Hydroxide. 

The aluminium liydroxide was prepared by the action of 
ammonium hydroxide on a solution of pure aluminium sulphate. 
The moist precipitate Ava.s dial3escd in parchment until the internal 
and the external water Avas neutral to litmus. This coagulum 
Avas made up to a litre and used as described in the case of zine 
hydroxide. Some of the results are .shoAvn in Table III. 
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Table III. 



Amoiint of aqueous phase = 20 c.c. 



Amount of oil phase 

= 20 c.c. 



Amount of aluminium hydroxide = 

about 3*8 grams per litre. 




Quantity in 
gram-mols. 

Typo of 


Electrolyte. 

per cent. 

emulsion. 

Stability. 



1 

0-002 

WinO 

Not very stable. 

KCl 


2 

0-004 


1 

3 

0-005 


,, 



1 

0-002 



K,SO. 

- 

2 

0-003 


„ 

1 

3 

0-005 


,, 



1 

0-001 



K,P0. 


2 

0-0035 

— 

Tendoncy to separate 


3 

0-004 

OinW 

into two layers. 

Stable. 




1 

0-001 

— 

Tendency to separate. 

KOH 

' 

2 

0-0015 

0 in W 

Stable. 


3 

0-002 


22 


Casein. 

The casein was a pure sample supplied by Messrs. Baird and 
latlock. A weighed quantity was dissolved in N llO.-potiissmm 
lydrojide and gradually precipitated by acetic acid, the coagulum 
j'eing then dialysed as in previous cases. The results obtained by 
lasein suspensions when the casein was used dry and wjien preci- 
pitated as described were very nearly identical and therefore the 
results with the former alone are given. 

Table IV. 


Amount of aquooua phase = 20 c.c. 

.Amount of oil phase = 20 c.c. 

Amount of casein per litre of suspension .= 1-985 grams. 



Quantity in 




gram-mols. 

Type of 


Electrolyte. 

per cent. 

emulsion. 

Stability. 

KCl 

0-005 

0 ill W 

Stable. 

KeSO, 

0-005 

,, 

,, 

(1 

0-003 




0-004 



13 

0-006 

,, 


(1 

0-001 



A«S0,). 2 

0-003 

W inO 

Stable, though some 

u 

0-004 


water separates on 




agitation. 

(1 

0-003 

0 in W 

Stable. 

K,P0. 2 

0-005 



(3 

0-006 



fl 

0-0001 




000035 

wilio 

Stable, water separat- 

U 

0-0005 

„ 

ing on. agitation. 

rc (‘ 

0-0003 

OinW 


la 2 

0-0004 

WinO 


(3 

0-00045 


,, 


VOL. CXIX. 3 p 
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Rosin. 

The rosin used was the sample known a.s the ‘ ‘ Seven Star Brand 
The finely powdered material was shaken for several hours with 
large quantity of water to remove any gummy substance nhict 
might have been added to it to increase its weight. After bcir< 
filtered, the powdered rosin was dried in a current of hot air 
dissolved in absolute alcohol, and recovered by evaporation of tin 
solvents. The alcoholic solution was slightly acid, which in j 
well-known property of many of the pure rosins. 

Table V. 

Amount of aqueous phase — 20 c.c. 

Amount of oil phase = 20 o.c. 

Amount of rosin = 3 grams per litre. 

Quantity In 
gram-rools. 

Electrolyte. per cent. 

( I 0-002 

KCl 2 0-003 

['i 0-006 

1 1 0-003 

KjSO, -2 0-004 

13 0 006 

i 1 0-003 

2 0-006 0 ui W 

[3 O-OOS 

j 1 0-001 \V in 0 

2 0-002 O in \V 

(3 0-003 „ „ 

Discussion of Rmdls. 

From the results shown in Tables I — VI it is easily seen fhai 
aluminium hydroxide, zinc hydroxide, lead oxide, and rosin, pre 
pared according to the methods described above and freed frou) 
alkali and alkaline salts like tripotassium phosphate, yield eninl- 
sions of the water-in-oil type; casein, lecithin, and egg-albumin 
yield emulsions of the reverse type. In the case of alumininiii 
hydroxide, the emulsionr are unstable in the region W'atcr-in-eil 
The addition of a small quantity of potassium hydroxide, fri 
potassium phosphate, or .sodium carbonate to the aqueous phasi 
makes emul-sions of the oil-in- water , tyjie quite stable, and th( 
original, unstable water-in-oil type of emulsion can be reproduce! 
by the addition of a small amount of an acid. Just before thi 
point of complete inversion there is a tendency for the emulsion: 
to go through a zone of instability, and in most cases, especialli 
when the quantity of the emulsifying agent i.s large, this zone o 


KjPO, 

KOH 


Type of 

emulsion. StabiliLj-. 

\V in O Quite stable. 





[i'y/'ia' /', ITC'i, 
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ijjstability can be seen. Plate I, which represents the oil-in-water 
the unstable zone, and the water-in-oil type, is a photograph 

fiuulsions prepared by using lead oxide as emulsifying agent, 
jj,f reversing electrolyte employed being potassium hydroxide. 

It is interesting to note that all emulsions described in this 
paper can be made to undergo a reversal of type by suitable eleetro- 
Irtfs, and the following empirical rules appear to hold good : 

1 , An emulsion of water in oil can be transformed into one of 
jil in water by electrolytes having reactive anions like OH' and 
I'O,'". 

2, An emulsion of oil in water can be transformed into the 
reverse type by electrolytes having reactive cations like H', Al"', 
fe"', and Th"". 

A somewhat similar conclusion has been drawn by Clowes {J. 
Phjsical Chm., 1916, 20, 407), who showed an intimate connexion 
between the effect of electrolyte.? on the permeability of soap 
lilms to water and the reversal of phases in emulsions. Employing 
s modification of Dorman’s pipette, he obtained some interesting 
results, which showed that the protective ratios of various electro- 
hies on soap films are approximately logarithmic and correspond 
roughly with the precipitating effects exerted by the cation,? in 
(iuestion on soap dispersed in water. The fact that similar, 
approximately logarithmic, ratios have been observed during the 
study of the effects of bi- and tcr-valcnt cations on a variety of 
coDciidal and biological systems (Wb and Beutner, ibid., 1913, 
17, 288) lends strong support to the view that we are dealing with 
adsorption phenomena. In the light of these results, Clowes made 
the significant classification of these antagonistic electrolytes into 
nvo groups. “ The first consists of di- and tri-valent cations, 
etc,, which possess a more readily adsorbed kation and promote 
the lormation of the emulsion of water-in-oil ; the second consists 
of alkalis, salts of monovalent katioiis and of di- and tri-valent 
anions which possess a more reactive and more readily adsorbed 
anion, and appear to exert the reverse effect of promoting the 
formation of oil dispersed in water.” 

iVccording to Bancroft, the type of emulsion obtained depends 
on whether the emulsifying agent is more soluble in water or in 
oil. The introduction of the idea of solubility in one phase or the 
other is an extension of the rule, first prit forward by Pickering, 
that the main factor determining the formation of one type or the 
other is whether the emulsifying agent is more ea. 3 ily wetted by 
the oil or by the water. The original view of Pickering is to be 
preferred; first, because the physical explanation of the pheno- 
menon as given by Bancroft introduces certain complications into 

3p2 
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our ideas of interfacial tension, and it is by no means easy to under, 
stand the two interfacial tensions of a film formed by the concen. 
tration of the dissolved substance at the interface according to 
the Gibbs-Thomson law, and more especially so when the film jj 
assumed to be freely permeable to at least one of the two phases 
of the emulsions ; secondly, for the reason that some bivalent soaps 
like calcium oleate, barium linoleate, calcium linoleate and palmitate 
barium oleate, and zinc stearate, etc., are almost as insoluble in 
kerosene oil and benzene as in water, and certain imivalent soapg^ 
like sodium and potassium oleates, stearates, and linoleatea, uj 
soluble in oils as well as in water. Further, there are many sub. 
stances which dissolve either in water or in oil and lower the surface 
tension and yet do not form emulsions. Donnan and Terroinc, 
Mayer, Schaeffer {Compt. rend., 1908, 146, 484), and lately Fischer, 
Hooker, and Clayton {J. Soc. Chem. Ind., 1919, 38, 113t— 118t) 
have pointed out that the emulsifying agent must bo colloidal in 
nature, and it is probable that an explanation of the reversal of 
type by electrolytes is to be found in the nature of the adsorption 
by the colloidal surface films which envelop the globules. It is 
no doubt true that one may get some idea of the wetting power 
of a liquid by its property of dissolving a particular substance, 
but it is well known that the argument cannot be pushed too far, 
and many a substance, although insoluble in certain liquids, may 
yet be wetted by them. It is also well known that soaps are 
precipitated by the addition of univalent electrolytes, and in fact 
this action of sodium chloride has been taken advantage of in the 
technical manufacture of soap in the process of “ salting out.” 
It is very difficult to draw a hard and fast fine between the eSects 
of univalent electrolytes and of hi- and ter-valent electrolytes on 
soap solutions, as both of these arc adsorption phenomena. On 
the solubihty hypothesis, sodium chloride ought to be capable of 
changing the type as well as barium chloride. This is, however, 
contrary to all experience, and the multivalent ions alone are known 
to cause the reversal of type. There is thus a striking resemblance 
between these effects of the electrolytes on the reversal of type and 
the reversal of charge on tl e colloid emulsifier, and it lends strong 
support to the view, first put forward by Clowes, that the antagon- 
istic effects of electrolytes are attributable to a balance between 
the cations on the one hand, and the anions on the other, adsorbed 
by or reacting with the constituents of the surface film or membrane. 

The classical researches of Loeb {Biochem. Zeiisoh., 1912, 39, 
127 ; 1913, 51, 88) on the effects of reactive cationic electrolytes 
on lipoids, lecithin, protein, and casein show that they react rvith 
them so as to form water-insoluble salts oppositely charged to the 
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original lipoids. In explaining the analogous behaviour of certain 
(jiological and protoplasmic systems. Mines (J. Physiol., 1912, 43, 
457 ), Loch and Beutner {loc. cit.), and Clark {J. Physiol., 1913, 
47 56) have emphasised the importance of both these effects. 

Jhe data on the question of the formation of the water-in-oil 
jiid the oil-in-water emulsions and their transformation into one 
form or the other are restricted (1) to results on various soaps by 
yewman, Clowes, Briggs, and Bhatnagar, and (2) to the work of 
Pickering and the results embodied in this paper. For the sake 
of closer comparison, a table of the emulsifying agents so far tried 


and of the electrolytes which reverse the type is shown below. 



Table VI. 

Nature of the ad- 
sorption com- 
pounds; T repre- 
sents excess of 
adsorption of 
positive ions, — 

Emulsifying 

Reversing electrolyte : 

Typo of 

represents excess 

agent. 

Salts of 

emulsion. 

of adsorption of 
negative ions. 

Sodium oleate 

Ba, Ca, Sr, Fe, Cr, Al, 
Cu, Zn, Ni 

0 in W 

+ 

Carbon 

KOH, K3PO4 

WinO 

— 

Casein 

Albumin 

Al, Fe, Th, H 

OinW 

t 

r 

Zinc hydroxide 

KOH, K3PO4 

WinO 

— 

Zinc hydroxide 

Al, Th, H 

OlnW 

+ 

(alkaline) 

Aluminium 

KOH. KtPO. 

WinO 

— 

hydroxide 

Lead oxide 

KOH 


— 

Rosin 

K3PO4, KOH 


_ 

Lecithin 

Al, Fe, Th 

0 in W 


Univalent soaps 

Bivalent and tervalent 
metals 



From a close study of the data on 

the reversal of type in emul- 


sions, it is easily seen that the effects of the electrolytes on the 
surface film of the globules in emulsions arc precisely similar to 
tliose on lipoids and protoplasm (Loeb and Osterhout, loc. oil.). 
Substances like tripotassium phosphate and potassium hydroxide 
buTc a decided effect on the wetting property of zinc, lead, and 
iluinmium hydroxides, as well as on their surface potential, and 
a rational theory of emulsification should be capable of including 
sail explaining the facts emphasised here. Wetting power is 
tousidered to be connected with interfacial tension, and therefore 
•be two vital factors constituting a complete theory of the reversal 
of phases will be : (1) the nature of the charge on the emulsifying 
“put, and (2) its interfacial tension relations with the two phases, 
ruortunately, our knowledge of the interfacial tension between 



1768 EHATNAGAR ; STUDIES IN EMULSIONS. PART III. 


solids and liquids is very limited, and for the present the entire 
data on the reversal of type are in agreement with the empirical 
rule “ ihal all emulsifying agents having an excess of negative iom 
adsorbed on them and wetted by water will yield oil-in-water emulsions 
whilst those having an excess of adsorbed positive ions and iveited 6j 
oil will give water-in-oil emulsions.” 

It is to be noted that emulsions prepared by gelatin and saponin 
do not undergo the reversal of tyjre. Cataphoresis experiments on 
these emulsions show that the addition of bi- and ter-valent electro 
lytes ehanges the charge on the oil particles themselves. This is 
directly opposite to what happens in the case of soaps and casein 
In these cases, owing to a complex chemico-adsorption process 
the multivalent ions are almost wholly used up by the surface 
film, and the original negative charge on the oil is not disturbed 
The protective film, having adsorbed, .say, multivalent cations, is 
capable of protecting only similarly charged particles, a fact ivdl 
known in colloidal chemistry. The positive particles in this case 
are water globules, and it is these particles which are now protected 
by the adsorbed surface film. 


Summary. 

1. The effects of various electrolytes on emulsions prepared by 
the use of zinc hydroxide, aluminium hydroxide, lead oxide, casein, 
rosin, and egg-albumin as emulsifying agents have been studied, 

2. Univalent electrolytes arc incapable of reversing the type of 
soap emulsions, even although they throw out the soap from 
solution. 

3. An excess of adsorbed positive ions on the surface metnbram 
leads to the formation of the water-in-oil type of emulsion. The 
reverse type is produced by the adsorption of negative ions. 

4. All emulsions, whether prejjared by soluble emulsifiers sueh 
as soaps or by insoluble ones such as zinc hydroxide, follow the 
empirical rule first suggested by Clowes. 

0 . Evidence has been accumulated which favours the view that 
the relative wetting powe . of the two phases with respect to the 
emulsifying agent and the surface jxjtential of the membrane 
between them are the two main factors governing the process of 
emulsification, and that the reversal of phases in emulsions bj 
electrolytes is brought about by the changes produced in the 
surtaee membrane with regard to either or both of these two 
factors. 

The author takes this opportunity of thanking Professor F. b- 
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Donii^n, F.B.S., for his helpful criticism and suggestions. His 
thanks are also due to Mr. H. I. Higson for taking some photographs 
the emulsions and to his friends, Dr. J. C. Ghosh and Mr. J. N. 
jliikherjee. 


tiinMlc.Mj L.iBOR.eToaY , 

Umvehstty College, Loudon, W.C. 1. 

[Receiivd, Auf/uM Hfh, 


CC . — Crystallographic Descriptions of some 
Pyridine and Picoline Derivatives. 

By Mary Winearls Porter. 


The following crystallographic descriptions are an extension of 
work published in a former paper with T. V. Barker (T., 1920, 
117 1303) dealing with a study of the morphological and structural 
effects produced by the mutual replacement of simple organic 
radicles. The results of the present invo.stigation arc summarised 
in the following table : 


Xo, Substance. aib-.c. 

1 SC-K.NMeI,4Hgl2 0-5100 : I : 0-2182 

2 aC.HsNEtr^Hglg 0-0473:1:0-7728 
CrHjNPiI.Hglj 1-9807 : I : 0-0800 

4 C.H.MeNMeltHgls 0-8416 : 1 : 13607 

5 C^HjMeN^EtPHglj 1-2784 : 1 : 0-5700 

6 CjH4MeNFrJ,Hgl2 1 1654 ; I : 0-7310 


(8. Cleavage. 

{100^ and JllO’^ 
— 1001 

OoMT looi;- 

90" l.V lOlO} 

03=6' -lio; 

08= 32' -iTOi;, 1120:, {021} 


In view of the different type of chemical composition, no crystal* 
lographic similarity is to be expected between the first pair of 
compounds on the one hand and the remaining four on the other. 
But isomorphism might well be expected within either of the sub- 
groups concerned — especially, perhaps, in the case of the i^iomeric 
compounds numbered 3 and 5 in the table. .\ careful study, 
however, fails to reveal any close siniihrity in angles; neither is 
there any similarity in the cleavage directions. The results, 
accordingly, afford a strong support to tlie conclusion drawn in 
the previous paper, that crystalline form is a highly sensitive, 
constitutive property, an increment of composition equal to GHg. 
or even a slight shift of a simple radicle, being sufficient to cause 
the molecules to adopt a different tyjjc of arrangement when the 
substance assumes the crystalline slute of aggregation. 
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Experimental. 

The methods of preparatiou and analysis of the various com 
pounds have been fuUy described previously (foe. cii,). 
following are the detailed results. 

Methylpyridinium MercuH-iodide, SCjHjNMeljdHgl^. — M. p, 12 , 5 " 
(Found ; Hg = 32T3. Calc., Hg = 32-27 per cent.). Ortho, 
rhombic, a ; i : c = 0-5106 : 1 ; 0-2182. Forms : 6{010), ajlOO' 

mlllO}, r{101f, <{121j, s|141}. The habit is prismatic, as shown ij 
Fig. 1. Six crystals were measured and the results are givoj, 


Fio. 1. 



No. 1. Mettiylpyridinium 
mercuri-iodide. 


Fia. 2. 
C 



No. 2. Ethylpyridinium 

7fwrcuri-iodide. 


below, the deviations of the computed from the measured angular 
values being added in parentheses. 

4{010}. a{100). m'llO}. 


<p Cl't-;') 90°17'(-I7') *62'> .77' 

p 90 0 (O'; 90 1 (-!') 90 0 (O') 

rjlOI). «{121!. 

4> 89° 52' ( + 8') 44“ 20' ( + 4') 26“ 2' ( + 3') 

p 23 9 (O') *31 25 44 14 (-3') 


Cleavages; ollOO|, good ; roillO|, imperfect. Optic axial plane, 
c(OOl); acute negative bisectrix perpendicular to 5(010); wide 
axial angle ; birefringence and dispersion strong. 

Ethylpyridinium Mercuri-iodide, 3 C 5 H 5 NEtI, 4 Hgl 2 .— M. p. 79° 
(Found; Hg = 31-44. Calc., Hg = 31-73 per cent.). Ortho- 
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a : 6 : c = 0'6473 : 1 : 0'7728. Forms; 6i010(, mjllOf, 

The habit is pris- 
Four crystals were measured with the 


S!’‘#21(, rjl02|, plllli, s{112}, <{1211. 
iUsshowninFig.2 ” 
following results. 

6 { 010 ). 

O-O'fO') 
i' " 90 0 (O') 

' r{102}. 

.... 89'’59'( + r) 

^ .... 30 45 (+8') 

f 

Cleavage : cjOOl}, perfect. 


mfllO). 
•57“ 5' 

90 0 (O') 

p{in). 

57” 3' ( + 2') 
54 55 (O') 


c{001}. 

0° 0' (O') 


5 ( 021 ). 

0° l'(-l') 
•57 6 


*pi2}. ((121). 

67“ 3'(+2') 37“ 38' ( + 2') 

35 23 (+3') 62 50 ( + 3') 


FlQ. 3. 



No. 3. Propylpyridinium 
merwri-iodide {simple crysuU). 


Fro. 4. 



F 7 (ypylpyridinium Mercuri-iodide, CgH^NPrliHglg. — M. p. 95® 
iFoimd : Hg = 28-41. Calc., Hg = 28-45 per cent.). Monoclinio, 
a ;ii;c = 1-9897 : 1 ;0-6860-, p_=95’41'. Forms; oll00!,m;il0[, 
5;0111, ellOl), r'jlOl}, s;501|, <{2111. The habit, as shown in Fig. 3, 
is tabular parallel to a] lOO) and elongated along the c-axis. Crystals 
twinned on a{100) are frequent (see Fig. 4). Four crystals were 
measured with the following results. 


t 


/ 

3p 


a{100}. «i{U0). 9{011}- 

90" 2' (-2') *26” 48' •S” 16' 90“ 9' (-9') 

90 0 (O') 90 0 (O') *34 44 23 08 ( + 3) 

r'{101}. •{501}. ({Sll}- 

.. 270” 7' (-7') 270° 0' (O') 

13 63 (-2') 43 18 (-7') 42 18 (-0) 
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Cleavage ; c{001}, fairly good. The optic axial plane is per 
pendicular to the symmetry plane. The negative acute bisectri.x 
emerges through c(OOl). The double refraction is strong, and thp, 
axial angle is wide. Dispersion p <v. 

Melfiyl-x-picolinivm Mercuri-iodide, C 5 H 4 McNMeI,Hgl 2 . — jj 
134° (Found : Hg = 29'03. Calc., Hg = 29’03 per cent.). Mono^ 
clinic, a : 6 : c = 0'8416 : 1 : 1-3697 ; p = 99° 15'. Forms ; anoo' 
»n]100), c|001|, glOlll, cJ201j, pllll), s]211|. The habit is prismatic' 


Fig. 5. Fig. 6. 



No. 4. M^thyl-a-pkoUniiim No. 5. Ethyl-a-picoUninm 

mercuri-iodide. mercuri'iodide. 


as shown in Fig. 5. Three cry.stals were measured, and the results 
are given in the table below . 

a{100). »«{II0). c{001}. ^{011}. 

1> 90“ O' (O') *3()°29' 89° 55' (+5') 10“ 54' (+3') 

p 90 0 (O') 90 0 (O') !) 10 (+5') 40 33 ( + 3') 

e{201). p{lll). 8f2U). 

(f. 90“ l'(-l) *43° 1' 307“53'(-l') 

p 54 40 (- 3') »49 1 63 66 (-2') 

Cleavage: hlOlOJ, imperfect. Optic axial plane 6(010); the 
positive acute bi.sectrix is visible through a section perpendicular 
to the prism zone. The .second mean line ot emerges nearly per- 
pendicular to a(lOO). The axial angle is wide. 

Ethyl-n-picolininm Mercuri-iodide, CjHjMeNEtFHglj. — M. p. 99° 
(Fou'id : Fig = 28'oO. Calc., Hg =- 28-45 per cent.). Monoclinic, 



SOME PYBIDINB AND PTCOLINE DEKIVATIVES, 


1773 


11 •. i :c = 1'2784 ; 1 ; 0'5700; 3 = 93° 6'. Forms; a|100|, 
s;210;, Ci'OOl}, g|011}, s]201). The habit is shown in Fig. 6 and is 
slfiider prismatic. Five crystals were measured, and the results 
lire given below'. 


a{100}. m{110}. 

89°5G'( + 4') *38" 4' 

90 0 (O') 90 0 (O') 

c{001). ,{011J. 

90° 17' (-17') •5°2(i' 

3 6 (O') *29 4s 


>i{210). 

57° 8' (+21') 
90 0 (O') 


»( 201 !. 

90° 13' (-13’) 
43 58 (-31') 


Cleavage: m|110}, imperfect. Optic axial plane 6(010). ,\n 
optic axis is visible through a(lOO) with strong dispersion. 

fnftjl-ti-pimlmiiim Uercuri-iodide, C,5H4MeNPrl,Hgl2.--M. p. 
So’ (Found ; Hg = 27-93. Calc., Hg = 27-89 per cent.). Mono- 
clinic, (I ; 6 : c = l'16o4 ; 1 : 0 7310; [i = 98° 32'. Forms : a)1001, 
,i;1201, s:021J, elioi;, r;roi;, (;2-2i;, )«1341;. 'The habit, as shown 
ill Fig. 7, 13 tabular parallel to a(lOO) and elongated along the 
J-axiB. Four crystals were measured and the results are given in 
the table below. 


0 ( 100 ). 

89” 58' ( + 2') 
90 0 (O') 


n{ 120 j. 
*23° 37' 

90 0 (O') 


«( 021 }. 
♦5° 51' 
•35 46 


Fig. T. 


e{101}. 

f 89° 67' (-13') 

f 38 11 (-o') 

({ 221 ), 

♦ 44° 8'(+l') 

( 63 47 ( + 4') 


r{(f01). 

260° 50' ( + 10') 
25 56 (-6') 

i(.-(341). 

35° 17' (-14') 
74 20 ( + 2') 



No. 6. Propyl-a-pkolimum 
mercuri-iodide. 


Cleavages: r'lIOll and m!120|, perfect; s 1021;, imperfect. The 
optic axial plane i,s perpendicular to the plane of symmetry and 
the symmetry axis 6- is the acute jiositive bisectrix. Tlirough 
0(120) an optic axis is vi.sible. Tlie dispersion is strong p<c. 


MixeralOGICAL UEeAft'l'HENT, 

U.xivERsiTr Museum, Oxford. [lieceived, Avgust ilth, 1921 .] 


3p2* 



1774 BEAD AND ANDREWS : STUDIES OF HALOOENOHYDEINg 


CCI . — Studies of Halogenohydrins and Related 
Derivatives in the Cinnamic Acid Series. Part l 

By John Read and Alberta Catherine Pritchard ANnim^s 

Despite the importance of the halogenohydrins of cinnamic acid 
the methods hitherto adopted for their preparation are probably 
little more efficient than those which have been used in making 
ethylenebromohydrin and other similar derivatives (Read and 
Hook, T,, 1920, 117 , 1214). It is obvious, for example, that the 
preparation of the bromohydrin of cinnamic acid (ct-hromo s. 
hydroxy-P-phenylpropionie acid) by boiling the dibromide ivith 
water (Glaser, Annalen, 1868, 147 , 84; Erlenmeyer, Ber., 1880 
13 , 310) cannot be commended; and although the corresponding 
chlorohydrin has been made by utilising the principle of direct 
addition of hypoohlorous acid, the yields were unsatisfactory, 
owing to the conditions adopted. Thus, Glaser (loc. cit., p. 80), in 
order to avoid the long and troublesome preparation of dilute 
solutions of hypoohlorous acid, passed chlorine into a cold mixture 
of equivalent proportions of sodium oinnamate and sodium 
carbonate, thereby obtaining a yield of 35 per cent, of chlorohydrin; 
and Erlenmeyer and Lipp {Annakn, 1883, 219 , 185) described a 
modified method which was stated to give about 64 per cent, of the 
calculated amount of chlorohydrin, after allowing for the con- 
siderable proportion (22 per cent.) of unchanged cinnamic acid. 
In contrast to these methods, it has recently been shown that by 
the action of cold dilute bromine water on an aqueous suspension 
of cinnamic acid a yield of more than 80 per cent, of bromohydrin 
is readily obtained (Read and William.s, J. Proc. Roy. Soc. X.S. 
Wales, 1917, 51 , ,558). 

It may now be pointed out that since, in the last-named method, 
the yield of bromohydrin fell to about 50 per cent, when sodium 
einnamate w'as substituted for cinnamic acid, some doubt was 
thrown upon the advisability of using sodium or potassium einnamate 
in the preparation of thd c. rresponding chlorohydrin, according to 
the methods recommended by the above-mentioned investigators. 
An examination of the second of these methods, which, judging 
from its repeated application (compare Ber., 1906, 39, 788), seems 
to have been the best hitherto available for the preparation of 
cinnamic acid chlorohydrin (a-chloro-p-hydroxy-p-phenylpropionic 
acid), has convinced us that the yield recorded by Erlenmeyer and 
Lipp is rarely, if ever, attained. Further, there is no justification 
for Glaser’s statement [loc. cit.) that hypoohlorous acid combines 
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^th fee cinnamic acid only with difficulty, whilst combination 
,ith slkah cmnamates takes place more easily. We have in fact 
been able to devise a simple and expeditious method of effecting 
quantitatively the direct addition of hypochlorous acid to 
cinnamic acid, by the use of cold chlorine water; it has also been 
found possible to improve the yield of bromohydrin correspondingly 
Ttc reactions concerned may be represented in terms of a mobile 
equihbrmm, m accordance with the scheme already suggested in 
ihc similar case of ethylene : ^ 

^2 + HOH ^ :t HX -f- HOX 

ft-CHX-CHX-COjH Ph-GH(0H)-CHX-C02H. 

With cinnamic acid and bromine water, the displacement to the 
light IS even more pronounced than with ethylene under similar 
conditions : at a concentration of 0-08.V no less than 98 per cent 
of the cinnamic acid was transformed to bromohydrin the eorre 
iponduig value for ethylene being 94 per cent. In view of the ease 
mth which cinnamic acid reacts with chlorine water or bromine 
water to produce halogenohydrins, endeavours weie made to utilise 

poasbls to prepare lodohydrins by this method. Attempts to 
effect additive reactions with cyanic acid have also failed. 

Hitherto, little attention .seems to have been directed toward,s 
the halogenohy^ins of substituted ciimamic acids : in the present 
paper some prehramary investigations in this field, dealing with toe 
c^thoxycinnamic acids, arc described. Like cinnamir add 
these two stereoisomenc derivatives react with bromine water to 
give almost quantitative yields of bromohydrin, the same erystallffie 

*<rfiihvdroxM^ 

fead reaSrfb^ 

pen^ated ster ■ ^ * ***** formation of the two externally com- 

«>“r} (&; “** dibromides demanL by 

'-'boitth h!no m’ if'"’ “ the simHar 

‘"bstaace was isoL^ h.vpobromous acids only one such 

'vas isolated in each case. Xotwithstending toe adoption 
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of conditions which would seem to favour the production of the 
labile stereoisomeride, no definite indications of the presence of j 
more soluble derivative were observed; but it may be mentioned 
that small quantities of oily material were deposited by the mother, 
liquors from the reciystadisation of comparatively large amounts 
of the solid derivatives (compare Erlenmeyer and Moebes, Ber 
1899, 32 , 2377). On the other hand, the crystalline bromohythiu 
from methylcoumariuic and mcthylcoumaric acids was associated 
with pronounced quantities of a viscous oil, which appeared to 
consist of a slightly impure isomeric derivative and was pro- 
duced to about the same extent in each case. Like the related 
dihalogenides and halogenohydrins of cinnamic acid, the neer 
crystalline hromohydrin has been resolved into optically active 
components, the small molecular rotatory powers of w'hich suggest 
stereochemical analogy with cinnamic acid derivatives rather than 
with those of u/focinnamic acid (compare Liebermann, Ber., 1894, 27, 
2041). It is interesting to note that although methylcouniarinic 
acid reacts with chlorine or bromine much more rapidly than dors 
methylooumaric acid, yet the two acids exhibit no appreciahlc 
difference in the ease of their reaction with bromine water. Furthn, 
the influence of sunlight, which is marked in the addition of halogens, 
is negligible in the formation of halogenohydrins from those acids 
and cinnamic acid. 


E X P E B I .M B N T A L. 

The Addition of Hypochlorom Acid to Cinnamic Acid. 

On passing a slow stream of chlorine, with vigorous stirring, 
into a suspension of finely crystalline cinnamic acid in about tliirt.v 
times its weight of ice-cooled water, in accordance with the method 
used with success in the case of bromine (Read and Williams, 
loc. cil.], a very low yield of chlorohydrin was obtained, and about 
60 per cent, of the cinnamic acid was recovered unchanged. This 
result, which was the same when freshly precipitated ciimaniic 
acid was used, must probably be ascribed to the envelopment of 
particles of cinnamic acid b/ the semi-solid aggregations of cinnamic 
acid dichloride and chlorostyrene which arc produced under these 
conditions. The difficulty was eventually overcome in the 
following manner : 

Cinnamic acid (20 grams) was dissolved in 2-.V-sodium hydroxide 
solution (67 c.c.) with the aid of an appropriate addition of water 
(200 C.C.), The resulting solution of sodium cinnamate was then 
added drop by drop to a large volume (1600 c.c.) of ice-cooled water, 
acidified with a little (2 c.c.) concentrated sulphuric acid, and a 
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stream of chloriae, prepared from hydrochloric acid and bleach- 
i„g powder, was passed simultaneously into the liquid through a 
sman perforated bulb, admixture being effected by means of vigorous 
aicchanical stirring. Conditions were so adjusted a.s to maintain a 
faint yellow tinge in the liquid, and the cinnamic acid liberated 
from each few drops of sodium einnamate solution was allowed to 
react completely before the admission of a further quantity. 
Reaction occurred rapidly, and when all the cinnamic acid had been 
introduced the hquid was stirred for some time with passage of air, 
in order to expel excess of chlorine : the reaction mixture then 
consisted of a clear colourless liquid, surmounting a small quantity 
of white sohd matter. Preliminary e.xperimenbi with aqueous 
solutions of the pure chloro- and bromo-liydrin of cinnamic acid 
indicated that the amount of chlorine (or bromine) which had 
reacted to form halogenohydrin and hydrogen chloride (or bromide) 
could be determined by titrating a small aliquot portion of the liquid 
with standard silver nitrate solution, using Volbard s method 
(Read and Hook, loc. cil.), a slight correction being applied in 
accordance with the results of a control experiment in which chlorine 
was passed into water under similar conditions. Data obtained in 
this way indicated that more than 95 per cent, of the cinnamic acid 
had reacted to form chlorohydrin ; the corresponding value found 
for ethylene, at the same molecular concentration (0-07 .V) was 94 per 
cent, (loc. cit.]. 

The solid product of the reaction (0-4 gram) consisted of cinnamic 
acid diehloride, and by extracting the aqueous liquid with light 
petroleum a .small quantity (l-o grams) of chiorostyrene was isolated. 
The proportion of cinnamic acid involved in the formation of these 
hy-products is about 9 per cent. ; consequently, the yield of chloro- 
hydrin, calculated by difference, is 91 per cent. This result stands 
m good agreement with the value determined by titration. The 
ethereal extract of the acid liquid, when dried over sodium sulphate, 
and distilled from the water-bath, yielded a cry-stalline residue 
(23-8 grams), which was identified as the anticipated cinnamic 
aeid chlorohydrin, OH-CHPh-CHCl-COjH.HjO, m. p. 7S-80° 

( oimd : Cl = 16-1. CjHjOjChHjO requires Cl = 16--25 per cent,), 
the pure substance crystallises well from hot water, as also from hot 
TOcne or toluene; it separates readily from moderately strong 
jiieoua solutions, in the form of a crystalline precipitate, on the 
addition of dilute sulphuric acid. 

The amount of soUd chlorohydrin (23-8 grama) actually isolated 
me above experiment, when the acid liquid was extracted three 
1 ivith a yield of 80-1 per cent., 

cu a ed from the weight of cmna-mic acid used. It is essential 
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that the halogen shonld react with cinnamic acid in presence of the 
rather large volume of water indicated above : in an experiment 
conducted with half this volume of water, the other conditions 
remaining unaltered, about half the cinnamic acid was unafiected 
and appreciable quantities of citmamic acid dichloride and chloro. 
styrene were produced. It is also advisable to dilute the chlorine 
with air. in order to minimise the formation of these by-products. 


The Addition of Hypobromous Acid to Cinnamic Acid, 

The results of the above investigation suggested that the yield 
of broniohydrin might likewise be increased by precipitating the 
cinnamic acid, bttle by little, in the reaction vessel, during the 
passage through the bquid of a slow stream of air charged rvith 
bromine vapour. Upon treating 20 grams of cinnamic acid in this 
way, reaction occurred with great ease, and a titrimetric deter- 
mination of the resulting hydrogen bromide indicated that 98 per 
cent, of the cinnamic acid had reacted to form bromohydrin; the 
value calculated by difference, taking into account the small amounts 
of cinnamic acid dibromide and bromostyrene produced, was only 
sbghtly lower than this; and the weight (30-3 grams) of solid 
bromohydrin, OH-CHPhUHBrCOjH.HjO, isolated by extracting 
the acid liquid three times with ether, corresponded with a yield 
of 854 per cent. After one recrystallisation from hot toluene, 
the product melted at 120—122° and was anhydrous (Found; 
Br — 32'5. CjHjOsBr requires Br = 32-7 per cent.), By the 
original method, using finely crystalline cinnamic acid suspended in 
only three-eighths the above volume of water, the yield of bromo- 
hydrin actually isolated was 76'3 per cent. It seems, therefore, 
that dilution of the solution and dispersion of the cirmamic acid 
is more important when working with chlorine than with bromine. 

In examining various other aspects of this method, it was found 
that the introduction of the bromine in the form of hquid, rather 
than as vapour, depressed the yield of bromohydrin from 98 to 82 
per cent., a larger amount of cinnamic acid dibromide being formed 
in this case. At the ordmary temperature, the absorption of 
bromine was slower than in the cold ; more dibromide was formed, 
and the yield of bromohydrin fell to 89 per cent. Sunlight appeared 
to have no marked effect on the reaction. 


Scorn Salts of x-BrottM-^-hydroxy-^-phenylpropionic Acid. 
During the course of the above work it was noticed that cinnamic 
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acid bromohydrin forms characteristic, well-defined salts, and some 
f these are now described. The zinc salt, 

" (OH-CHPh-CHBrCOj)2Zn,5HjO, 

crTstalfises in lustrous needles when the solution obtained by 
(lissolring zinc carbonate in a warm aqueous solution of the acid 
jj allowed to cool [Found : Br = 24-8. (C9Hj03Br)2Zu,5H20 
reouiiea Br = 24-8 per cent.]. The copper salt, 

(0H-CHPh-CHBr-C02)2Cu,5H20, 

prepared in a similar manner, forms pale blue needles [Found : 
Cu = 9'7- (C9Hg03Br)2Cu,5H20 requires Cu = 9-9 per cent.]. 

Special interest attaches to the brucine salt, 

0H-CHPh-CHBr-C02H,C23H2a0iN2, 
which is highly characteristic of the acid. When equivalent 
amounts of the acid and brucine were mixed in alcoholic solution, 
no separation of crystalline material occurred, and evaporation on 
the water-bath left a vitreous residue. After keeping for a few days, 
the mass became crystalline when rubbed with methyl alcohol, and 
by inoculating similar methyl-alcohohc solutions of the mixed acid 
ind base ivith material obtained in this way the crystalline salt 
was prepared without difficulty in almost quantitative yield. It 
was. sparingly soluble in water, alcohol, and most of the usual 
organic solvents, with the exception of chloroform; the solvent 
best adapted for its roorystalli.sation and polarimetrie examination 
was 50 per cent, aqueous alcohol. In determining the specific 
rotatory power of the original separation, a weighed amount was 
made up to 30-0 o.o. with the solvent at 20° and examined in a 
2-dcm. tube : * 0-1867 gram gave ap — 0-19°, whence [iijp — 15-2°. 
In the course of several reorystallisations from 50 per cent, aqueous 
alcohol fluctuations in rotatory power were observed, amounting 
to a lew units on either side of the value recorded above. Small 
quantities of bromostyrene were produced during the concentration 
of the solutions. Similar results were observed when brucine was 
mixed with two molecular proportions of the acid (34 grams) in 
alcoholic solution : specimens of acid regenerated from various 
fractions of the salt exhibited only feeble optical activity, the highest 
value observed being [«]„ — 4-4° in 1 per cent, absolute alcoholic 
solution. From these data it is evident that the two salts, dAiB 
and /AJB, produced under the conditions described, give rise to 
solid solutions, in conformity with the third type of behaviour in 
such cases distinguished by Pope and Bead (T., 1910, 97, 989). 
Since well-developed crystals were easily secured, it appeared 
desirable to record some crystallographic data in this interesting 

These conditions were observed in all the polarimetrie determinations 
recorded in this paper. 
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Fia. 1. 



example. We are indebted to Miss Marie Bentivoglio, B.Sc,, qj 
the Geology Department, University of Sydney, for the appended 
description and goniometric measurements 
which were made on crystals selected from a 
fraction having [«]„ -- 13-2° (Found : N = 4.4 
^ 32 ®f 350 ?^ 2 ®'' requires N = 44 per cent.). 

Eight crystals were selected for goniometric 
work ; these were small, rather well-developed 
and similar in appearance The cryLStals are 
colourless and transparent, and po.sses,s highly 
lustrous faces. The prisms are the dominant 
form developed; one of these assumes large 
proportions and is striated to give the general 
appearance of a star. The pinacoid «{lO 0 j 
gives the best reflections obtained from the 
crystals, .and these yielded only fairly satis, 
factory results. The basal pinacoid and clino. 
pinacoid are entirely absent. Two domes, 
s(IOl) and f(lOl), are also repi-csented. No cleavage was observed. 
Crystal System : Monoclinic, bemimorphic. 

Axial ratios : a:b'.e — 0-909.O : 1 : 0-9185. 

Tire forms developed are : a(lOO), 'm{250) 

s(IOl). 

The table of measurements is given below. 


S', 


' 

i )i 
1 i‘ 



l'''v 


7M. 


ct 

j 

;l' .V'Tl 

1 


i 



\ 






^ = 93° 40'. 
h(130), 1(101), 


and 


No. of 
measure- 


Angle. ments. 

am — 100 : 250 16 

m;n -- 250 : 250 8 

an -100:1^0 16 

nil 130: 130 8 

at =100:101 10 

ts .3 101 : dOl 11 

=101:100 11 



Limits. 


Observed. 

Calciilatcrl, 

66^ 

46' 

—67'’ 

40' 

67° 

06' 

67® 

00' 

45 

22 

— 45 

58 

45 

48 

45 

4S 

09 

39 

—TO 

23 

69 

50 

69 

50 

40 

25 

41 

00 

40 

40 

40 

20 

42 

35 

—43 

10 

42 

54 

42 

54 

90 

24 

-no 

42 

90 

32 

90 

32 

46 

20 

—40 

44 

46 

34 

46 

34 


Observatiohs on the OpiiccL^ Resolu-tion of d\-y.-Bromo-i^-h(jdroJ!j- 
^•phenylpropioiiic Acid by means of Cinchonine. 


The description given by Erlenmcycr and Moebes (Ber., 1899. 
32, 2375} of the original resolution of this acid with cinchonine 
indicates that a single recrystallisation of the first separation of 
salt (37 per cent.) led to an acid having [ajp + 21-46° in 3 per cent, 
absolute alcoholic solution, and melting at 119 — 120°. The value 
[aju 4- 22-6° has also been recorded (Ber.j 1906, 39, 790) ; and this 
appreciable discrepancy, taken in • conjunction with the above- 
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mentioned behaviour of the brucine salt, suggested a further 
exarainAtion of the cinchonine salt. On repeating the resolution 
according to the original method, but using six times the quantity 
of cinchonine salt (132 grams), the first separation, after one re- 
crv-dallisation from alcohol, yielded a fraction (37-75 grams) having 
-|- 12-4“ in 0'75 per cent, alcoholic solution. A second re- 
crvstallisation gave material (25-85 grams) having [a]„ + 11-8“, 
aiid the lustrous needles resulting from a third rcerystallisation 
(17-0 grams) had [*]„ 12-9°. The acid regenerated from the last- 

named salt was semi-sohd, and after one crystallisation from 
benzene it gave [ajj, + 19-7“ in 3 per cent, alcoholic solution. The 
corresponding values after two successive rccrystallisations from 
tenzene were + 19-6° and + 20-0“ respectively, and the melting 
point remained unaltered at 119° (Found : Br = 32'8, CjHjOsBr 
requires Br = 32-7 per cent.). 

The acid regenerated from the mother-liquor of the llr-st separation 
of cinchonine salt wa.s also somewhat oily, but crystallisation from 
benzene yielded colourless needles melting at 113 -114“ and having 
Three successive recrystallisatious from benzene 
failed to alter either the melting point or the specific rotatory power 
of this acid. The.so results appear to indicate that the two ciachoiiiiie 
salts, dA/B and IXIH, have some tendency to form solid solutions, 
and that it is not possible to purify the partly compensated acids 
by fractional crystallisation. 

The, Attempted Addition of llypoiodoits Acid and of Cyanic Acid to 
Cinnamic Acid. 

When cinnamic acid was introduced into aii aqueous solution of 
iodine the colour persisted, and no reaction occurred. A similar 
lesult was observed when aqueous solutions of sodium einnainate 
and iodine in potassium iodide were admitted separately' into a 
large volume of cold water acidified with sulphuric acid. The 
process was also varied, without success, by dissolving cinnamic 
acid and iodine in aqueous sodium hydroxide and adding the mixed 
solutions to acidified water. 

Similarly, mixed aqueous solutions of sodium cinnamate and 
potassium cyanate were introduced slowly, with stirring, into ice- 
cooled water acidified with acetic acid, but the formation of an 
additive product could not be established. Modifications of this 
process were also tried without success. 

These results indicate (1) that iodine water cannot be regarded as 
a practical source of potential hypoiodous acid, and (2) that cyanic 
acid has no constitutional similajity with hypoohlorous acid or 
hypobromous acid. 
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The Addition of Ilypdtromoiis Acid to Meihykoumarinic Acid 

Methylcoumarinic acid, when treated with dilute bromine watet 
in the manner outlined above for cinnamic acid, reacted very 
readily, but it was not possible to isolate any homogeneous product 
after the passage of one molecular proportion of bromine, Ej. 
traction with ether at this stage yielded a viscous oil, from which 
crystalline material melting indefinitely between 124° and I34" 
was obtained with difficulty. This gave 10’8 per cent, of bromine 
by alkaline hydrolysis, whereas the calculated percentage fop 
methylcoumarinic acid bromohydrin is 29' 1. The results of coq. 
bustion analysis (C = 63-0; H = 4-6 per cent.) indicated that the 
product contained unchanged methylcoumarinic acid. Moreover 
since 45 per cent, of the bromine used was eliminated as hydrogen 
bromide, it is evident that nuclear substitution accompanies side- 
chain addition in this reaction. This interesting conclusion was 
borne out by the results of further experiments, in which bromine 
ivas introduced in the usual manner until the attainment of a 
permanent taint yellow tinge : a solution of methylcoumarinic acid 
(20 grams) in 10 per cent, sodium hydroxide (45 c.c.), with the 
addition of a suitable volume of water (100 c.c.), being added slowly 
to a large volume (1200 c.c.) of ice-cooled water acidified with 
sulphuric acid (2 c.c.). The amount of bromine absorbed was 
slightly more than two molecular proportions ; of this, 48 per cent, 
was eliminated as hydrogen bromide, corresponding with a 96 per 
cent, yield of a bromohydrin of the type 

0Me-CeH3Br-CH(0H)-CHBr-C02H. 

It is of interest that the yield of ethylenebromobydrin at a similar 
concentration (O-OSN) was 93-4 per cent. 

Extraction of the above acid liquid with ether gave almost the 
calculated amount of a viscous, brown oil; this became semi-solid 
on keeping, and by adding a little light petroleum, followed by 
sufficient benzene to clear the resulting turbid liquid, it was found 
possible to collect the crystalhne portion by filtration. The yield 
(33 grams) was 82-9 per cfut, of tbe amount theoretically possible, 
and the product melted at 145 — 150°. After two recryataUisations 
from hot benzene containing a little alcohol, fine, colourless leaflets 
were obtained, melting at 153 — 154° and corresponding with the 
formula given above (Bound : C — 33-7 ; H — 2-9 ; Br, by alkaline 
hydrolysis = 22-5. CjjHjoOjBrj require.s 0 = 33-9; H = 2-8; 
Br/2 = 22-6 per cent.). When dissolved in warm water and 
oxidised at the water-bath temperature with alkaline potassium 
permanganate solution, it yielded an acid which, after a prelimmary 
crystallisation from a mixture of ether and light petroleum, separated 
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[roiB ^ solution in long, slender needles melting at 119°. ' 

Ihe jiropcrties o£ this acid corresponded with those of 5-bromo- 
■t niethoxybenzoic acid, described by Peratoner {Gazzetta, 1886, 16 , 
^Og) (found : 0 = 414; H = 3-2. Calc., C = 41’5; H = 3-0 jKr 
cent ) Assuming the usual mode of addition of hypobromous acid, 
the crystalline bromohydrin obtained from methylcoumarinic acid 
by the above reaction was thus et : 5-dibromo-^-hydroxy-2-methoxy- 
“j phenylpropionic acid. It dissolves readily in alcohol or acetone, 
but only sparingly in chloroform, benzene, or toluene, whilst it is 
almost insoluble in light petroleum. It is most conveniently 
crystallised from boiling benzene, with the addition of a little alcohol. 
When pure, it also crystallises well from hot water, in which it is 
moderately soluble. 

The oily material obtained in the reaction contained a small 
quantity of the corresponding styrene derivative, but the results of 
alkaline hydrolysis indicated that it consisted mainly of an isomeride 
of the above acid (Found : Br = 2M. C^jHjpOjBrj requires 
Br/2 = 22-6 per cent.). After keeping for six months, only shght 
signs of crystallisation were evident, and as yet the substance has 
not been more tuUy characterised. 


The. Addition of Hypobronum Acid to Meihylcoumaric Acid. 

On introducing methylooumaric acid into cold bromine water, in 
the manner already described for methylcoumarinic acid, two mole- 
cular proportions of bromine were absorbed before the appearance 
of a permanent yellow tinge ; of this amount, 48-5 per cent, was 
eliminated as hydrogen bromide, indicating a yield of 97 per cent, of 
a bromohydrin of the type OMc-CjHjBr-CHlOHl’CHBr-COjH. 
from the ethereal extract almost the same amounts of crystalline 
and oily products were obtained as in the ca.se of methylcoumarinic 
acid. After several recrystallisations from hot benzene containing 
a little alcohol, the solid derivative melted at 153 — 154°, and further 
examination of its properties showed it to be identical with the 
solid bromohydrin obtained from methylcoumarinic acid (Found : 
C = 33-7 ; H = 2-9 ; Br, by alkaline hydrolysis = 22-4. Calc., 
C = 33'9 ; H = 2-8 ; Br/2 = 22-6 per cent.). The oily product 
was also similar in appearance and properties to that yielded by 
methylcoumarinic acid (Found : Br, by alkaline hydrolysis = 19'7 
per cent.), 

Methylcoumaric and methylcoumarinic acids appeared to react 
with bromine water with equal ease, and in both cases parallel 
experiments conducted in diffused daylight and in bright sunhght 
led to the same results. 
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The Resolution of dl-a : 5-lHbromo-^-hpdroxy-2-meihory-^-pfK>^iyl^ 
propionic yicid into Optically Active Components. 

The brucine salt. OMe-C6H3Br-CH(OH)-CHBr-CO2H,CaH,,0,X^, 
was obtained as a vitreous residue by the evaporation of its alcoholic 
solution ; but crystallisation set in when the amorphous mass was 
triturated, after a few days’ keeping, with methyl alcohol. After 
this preliminary o]je.ration, crystallised brucine (39*5 grams) was 
added to a hot solution of one molecular proportion of the acid 
(30 grams) in methylated spirit (150 c.c.). It dissolved immediately, 
but on removing the solution from the water-bath and seeding it 
with the crystalline salt, rosettes of fine, colourless needles were 
slowly deposited (24*5 grams). At a concentration of 1 per cent, 
in 50 per cent, aqueou.s alcohol, these gave [a]p — 14*7“. By slow 
recrystallisation from the last-named solvent, the salt was deposited 
in largo, transparent prisms of high lustre. On repeating this 
process several times, fluctuations in specific rotatory power were 
noticed, but these were less pronounced than in the case of thf 
brucine’ salt of cinnamic acid bromohydrin. The lowest numerical 
value observed was [»]„ — 12*7“ (Found : N = 3-7. CjjHjjOjXjBr, 
requires M — 3*7 per cent.). 

The acid obtained from the last-named fraction by treatment with 
hydrochloric acid and extraction with ether was Isevorotatory; 
0*7138 gram, dissolved in ab-solute alcohol as noted above, gave 

- 0*51° ; whence [«]„ - 10*7°, and - 3C*9“. The melting 
point was 148°. When dissolved in hot benzene containing a little 
alcohol and allowed to crysUllisc slowly, the acid was deposited in 
large, transparent prisma, and both the specific rotatory power and 
the melting point remained unaltered. 

Of the two salts, lAlB and dMB, the former is thus the less soluhlc 
in the example under notice. The two salts appeared to possess a 
tendency to form solid solutions, and the separation was further 
complicated by the production of an oily styrene derivative during 
the concentration of the mother-Uquors on the water-bath. The 
highest numerical value of [»]„ observed for any crystaUine separa- 
tion was — 23'8°. The impure acid regenerated from the mother- 
liquor of this fraction was obtained from the ethereal extract as a 
partly crystalline mass, smelling of the styrene derivative;™! 
washing out the oily impurity with a little benzene, the residual 
acid melted at 140—142°, and had [«]b + 7*4° in 4 per cen , 
absolute alcoholic solution. After recrystallisation from^ benzene 
containing a little alcohol, the melting point rose to 145 and tne 
value of [ncli, to +8*6°. A second recrystallisation gave a produc 
melting at 148° and having [ajo + 10''1° m 4 per cent, a sO u 
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alcoholic solution ; whence j1/[<i]o + 36'9“, Both melting point 
and rotatory power were unaltered by further recrystallisation. 
As the highrat values obtained for the dextro-aeid are identical with 
tho.so recorded above for the Isevo-acid, and since the two prepara- 
tions melted very definitely at the same temperature, it seems 
justifiable to conclude that the two enantiomerides were optically 
pare. The form assumed by the melting-point curve of their 
mixtures indicates that the partly compensated acids melt as 
iiiixtures of optically active and racemic compounds (Roor.eboom, 
Zt'dsch. phjuikal. Vhtm., 1899, 28 , 508). The resolution was not 
■acilitated by treating the externally compensated acid with half 
1 molecular proportion of brucine. The cinchonine .salt was not 
ibtaiiicd crystalline. 


i-Bmio-i-rndhoxyphcnylatetaldehydf., OMe-CeHjBr-CHj-CHO. 

A mixture of « : O-dibromo-p-hydroxy-2-mcthoxy-g-phenylpro- 
:)ionic acid (30 grams) and water (150 c.c.) was heated on a boiling 
9 ater-bath for thirty minutes with a solution of sodium hydroxide 
16'8 grams in 20 c.c. of water). On the addition of a 25 per cent, 
solution of sulphuric acid (25 grams) to the warm liquid, carbon 
ho-xide was evolved and a heavy yellow oil separated. The ethereal 
.xtract of this oil, when shaken with a saturated aqueous solution 
ot potassium hydrogen sulphite, yielded a colourless, crystaUine 
Msulphite compound (15'9 grams), which was eoUeeted, washed 
with ether, and decomposed with dilute sulphuric acid. The 
aldehyde was obtained by extraction with ether in the form of a 
viscous, pale yellow oil, which showed no tendency to crystallise 
alter keeping for several months. When heated to 200°, it darkened, 
and at a somewhat higher temperature decomposed. The charac- 
teristic mnicarbazone, OMe-CeH 3 Br-CH.yCH:N'NH'CO’XH 2 , wa.s 
pi-epared by adding a xvarm alcoholic solution of the aldehyde 
(2 grams in 20 c.c.) to a solution of semicarbazide hydrochloride 
(2 grams) and sodium acetate (3 grams) in a little hot water. The 
mixed liquid was well shaken for about twenty minutes and then 
poured into water. The resulting white precipitate was sparingly 
soluble ill boiling alcohol, from which it crystallised on cooling in 
rosettes ot fine, colourles.s needles, melting at 185° (Found : hi — 14-G. 
t'liHyOjNjBr requires N = 14-7 per cent.). 

Summary. 

1 . Halogenohydrins have been prepared in almost quantitative 
yields by the action, under carefully regulated couditions, of cold 
dilate chlorine xvater, or bromine water, on free cimiainic acid. 
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2. By the interaction, under similar conditions, of methyl, 
coumarinio acid and bromine water, a closely corresponding amount 
of a mixture of two isomeric bromohydrins of the ty^ 

0Me-CjH3Br-CH(0H)-CHBr-C02H 
has been obtained. The crystalline constituent (m. p. 153 — to 4 "j 
isolated in 82-9 per cent, yield, has been shown to contain a nueleai 
bromine atom in the p-position to the methoxy-group : it has been 
resolved, with the aid of brucine, into two optically active com. 
ponents having d/[a]j, T: 36*9‘'. The optical resolution of cinnamic 
acid bromohydrin has also been submitted to further examination, 
with interesting results. 

3. No appreciable difference has been observed between methyl, 
coumarinio acid and methylcoumaric acid in their reaction irin 
bromine water. 

4. An improved method is indicated for the preparation of 
phenylacetaldehyde ; and 5-bromo-2-methoxyphenylaoetaldehyde 
has been made in a similar way. 

6. Attempts to effect the direct addition of hypoiodous acid and 
of cyanic acid to cinnamic acid have proved unsuccessful. 

We express our thanks to Messrs. L. A. Basser, B.Sc., and h. 
Cash, B.Sc., for preparing the methylcoumaric acid and methyl, 
coumarinic acid used in this work. 

Further investigations in this and related fields are in progress. 

Department of Oeoanic Chemistry, 

University op Sydney. {Received, September 2nd, 1921,] 


CCII . — The Application of Hofmann's Reaction to 
Substituted Phthalimides. 

By To-m Sidney Moore, Muriel Trebarthbn Maerack, and 
Annie Kathleen Proud. 

The work described in this paper was carried out to determine 
whether the application of Hofmann’s reaction to substitution 
derivatives of phthalimide would serve for the preparation in 
quantity of certain substituted antliranilic acids required for other 
work; and since in each such reaction two isomeric, substituted 
anthranilie acids are to be expected, the opportunity was taken of 
determining the effect of the nature and position of the substituting 
group on the proportions of the two isomerides produced. 
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main results ate ; 

Total 

yield 

per cent. Proportion of products. 

parts of 4-chloroantbranilic acid ; 

^ 5-chloroanthranilic acid as 

[anbydride. 

tSdphophthaltaiUe T.aca ^ 

(2 parts of 8-acetylnminoanthranilic 
S-Acefylamiuophthalimide- 55 jj 

2-metJiy I ben ziminazole - 
(. 4*carboxjlic acid. 

7'he reaction thus affords a convenient method for the preparation 
of 4 -chloroanthranilio acid, and a possible method for 6-acetyl- 
aiEiiioanthranilio acid. 

The products obtained by similar treatment ot 3- and 4-nitro- 
phthalimides have been already investigated by Seidel and Bittner 
1902, 23, 418) and by Kahn {Ber., 1902, 36, 471). 

Total 

yield 

per cent. Proportion of products. 

/ All 6*nitroanthrani]ic acid (Seidel 


T .u I" -j on J Dinner/. 

B-Nitrophthalmude ou jKahn finds a small quantity of 3- 

' nitroanthranilic acid. 

„n /4 parts of A-nitroanthranilio acid i 
4 ■^lt^ophthalllnldo yu | ^ S-nitroanthranilic acid. 


Thus in all these oases the derivative in which the amino-group 
takes up a meta-position with respect to tlie substituting group is 
produced in the larger quantity, irrespective of the nature of the 
group and of its position. 

The behaviour of 3-acetylaminophthalimidc with sodium hydroxide 
«as unexpected. On attempting to estimate the amount of iinidio 
nitrogen present by distilling with excess of alkali and absorption 
of the ammonia, two experiments gave 2-07 and 2-22 of iraidio nitro- 
gen, the theoretical value being ()-86 per cent. The same solution, 
after standing over-night, gave on distillation more ammonia, 
and by distilling every day for a week 85 per cent, of the theoretical 
amount of ammonia was obtained. The correct amount of ammonia 
was obtained at once if the substance was boiletl with hydrochloric 
acid before the ammonia was distilled off. 

Bogert and Jouard {J. Amer. Chem. Soc., 1909, 31, 483) iind that 
when 3-acetylaminophthalimide is boiled with 5 per cent, potassium 
hydroxide, the solution on acidification gives 2-methyl-4-quinazol- 
one-S-carboxylio acid, and the formation and the subsequent 
slow decompo.sition of this compound in the presence of the strong 
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alkali we used offer a possible, if unlikely, explanation of the slo» 
evolution of ammonia. But examination of the sodium sali 
isolated from the solution after 20 per cent, of the ammonia hj 
been distilled off, and after 80 per cent, had been distilled oj 
showed that they were, at any rate mainly, sodium acetylaniij,j 
phthalamate and sodium acetylaminophthalate respectively. 
tact that 3-acetylaminophthalimide undergoes reaction with alkal 
and sodium hypochlorite at much the same rate as phthalimik 
itself shows that the slow reaction recorded above cannot be djf 
to slow formation of the salts of the two acetylaminophthalaiiiit 
acids, since these are intermediate products in the reaction vitl 
• sodium h 3 rpochlorite (Mohr, J. pr. Chem., 1909, [ii], 80 , 1). [j 
thus appears hkcly that the reaction, which is abnormally slow 
the action of alkali on the .salts of the 3- and C-acetylaminophthal. 
amic acids. 

A similar slow reaction with alkali has been recorded by Kolbe 
{J. pr. Chem., 1884, [ii], 30, 475) in the ca,se of the closely related 
compound, anthranilamide. 

E X P E R I .M E N T A L. 

i-Chlorophthalic Acid. — The following method was found to give 
better }delds and to be more convenient than that described by 
Egerer and Meyer {Monaish., 1913, 34, 81). Almost theoretical yield* 
of the acid sodium salt can be obtained by passing chlorine intu a 
solution of 20 grams of phthalio anhydride (or the oorresponcling 
amount of the acid) in 200 c.c. of water containing 38-4 grams of 
sodium hydroxide until crystals are no longer deposited. The 
pure chlorophthalic acid is best obtained by adding the equivalmt 
amount of dilute sulphuric acid to a .solution of the twice-recrystal- 
Used acid sodium salt, extracting with ether, and recrystallising 
the residue after removal of the ether from benzene containing a 
few drops of glacial acetic acid. Both the acid and its salts retain 
small quantities of hydrochloric acid and chlorides with great 
tenacity, and we have ne-er been able to obtain direct from aqueoiir 
solution products free from chloride. In any case, it is very 
difficult to get a specimen of 4-chlorophthaUo acid in a condition 
for analysis. Thus the analysis of a specimen which had been 
dried in a vacuum for a week indicated that the substance .still 
contained solvent (Found : Cl = 17-03. Calc., Cl = 17-70 per 
cent.) ; w-hilst on heating at 100° continuous lo.s3 of weight occurred 
owing to anhydride formation (Found : after heating for two hours 
at 100°, Cl = 19-41 per cent.). Thc~so observations explain the 
varying melting points and unsatisfactory analyses recorded bj 
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S62: Alen, Bull. Soc. 
dm., 1881, [ii], 434; aaus and Dehne, Ber. 1882 1 5 qoi • 

Kriiger,5«F , 188a, 18. 1759; Egerer and Meyer, 1 m. dl.).’ ’ “> 

U'ilmpmaitmt^.~-ms compound, prepared through the an 
hydride in the usual .vay, wa^ aUowed to react with sodium hypo' 

?MS246 1890 “"’“‘‘"'y “Sf-d for phthalimide (Eng. 

Pat. 18246, 1890 J. Soc. Ohm. hid., 1891, 10. 831). The greatt 

part of the product was precipitated from the alkaline sLtion 
Wt after the reactrou on acidification with acetic acid, and a small 
,aantity (about one-tenth of the whole) obtained by addition of 
;opper acetate and subsequent decompo-sition of the precipitated 
copper saft wuth hydrogen sulphide. The total yield was lo per 
cont. of the theoretical. ^ 

Extraction of the product with fight petroleum (b, p. 92-10-’’) 
Irft a residue, m. p. 220», which, after one recrystallfeation from 
glacial acetic acid, molted at 235-236° and was unaltered by 
subsequent recryatal isation. This residue formed 80 per cent o^ 
the product obtamed by precipitation with acetic acid and 30 pc 
cen . of the product obtained from the copper salt. On distiUatL 
inth soda-hme, it gave an oU of xvhich the acetyl deriyatiyc was 
idon ihod as m-chloroaoetonilide. The compound, therefore t 
-c leroarithramhc acid, for which O.hn (.l/o»af.,/,.. mi ^ 
i) also found the m. p. 235-236° (Found : Cl =. 20-62 bak 
Cl 20w0 per cent.). ’ 

From the residues left on evaporating the petroleum e.xtracts 
an a most white product crystallising in short, white needles’ 
slirmtmg at 172 and melting at 178-179°, was obtained^ bb 

^Hth either of those givirfor^e ^XTrld^ 

IsS 

[ivl ’i (^r™ndler, Hull. Boc. rMm., 1907, 

J, 1 , -. 0 ). The anhydride, CO,H-C,H,a-NH-CO-C H ri-\H 

« xr"”' .T”. »■ 

Jiw'Syi alij oo'upound ivas prepared by the 

“btiiiicd bv re? 5 "Iiich itself is best 

by reduction of S-nitrophthalimide * with stannou.s 

^-"‘"“Pblhaiic arid, .cvrral 
lined, crystallises from aqueous solutirai with t»-o 
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chloride in the cold (Bogert and Jouard, J . Amer. Chem. Soc., 190 j 

31, 183). . j. u . 

The behaviour of this substance with sodium hydroxide h,( 
already been described (p. 1787). The salt obtained from the 
alkaline mother-liquor after 20 per cent, of the theoretical quantity 
of ammonia had been evolved gave, after reorystallisation fro® 
water and drying to constant weight, N = 11-25; Na = 9.53 
COjNa-CsHglCO-NH^l-NH-CO-CHj requires N = 11-48; Na=9-45 
per cent. This salt gave ammonia when heated with soda-lime. 

IVom the mother-hquor obtained by heating the imide niih 
sodium hydroxide until 80 per cent, of the ammonia had been 
evolved a sodium salt was obtained which gave, after similar 
treatment, N - 5-10; Na = 17-11. (CO^NaljCsHs-NH-CO-CH, re. 
quires N = 5-24; Na = 17-23 per cent. 

The oonditiona used for the reaction of sodium hypochlorite 
with 3 -acetylaminophthalimide were the same as those for 4-chloro. 
phthalimide. From the resulting solution both copper and barium 
salts may be precipitated, but these are apparently complex com. 
pounds, for they are not decomposed by hydrogen sulphide and 
sulphuric acid respectively. The solution was nearly neutralised 
with hydrochloric acid, allowed to evaporate to a small bulk, 
and acidified with concentrated hydrochloric acid. After filtration 
from a small quantity of tarry matter, the solution was allowed 
to evaporate to dryness, and the organic matter dissolved out ol 
the residue with absolute alcohol. Fractional crystallisation oi 
the alcoholic solution separated the product into two substances. 

The less soluble fraction consisted of small, pale brown crystal? 
easily soluble in methyl or ethyl alcohol, moderately soluble ii 
water, and insoluble in ether, benzene, or chloroform. It remained 
unmelted at 300°, contained nitrogen, but no amino-group, and 
was soluble in sodium carbonate solution (Found : N = lo-t- 


aH.OjN, requires N = 13-71 per cent.)- _ 

The substance thus appears to be 2 -methylbenzimmazole- - 
carboxylic acid, which might be expected to be formed from 
3 -acetylaminoanthranilic a -id, one of the possible products o e 
reaction with sodium hypochlorite. On distiUation with soda- 
lime, it gave a product agreeing in aU its properties with a speci- 
men of 2-methylbenziminazole obtained by the reduction o o-m ro 


acetanilide. 

molecules of water, which it loses at 110” (Found ; N = ^ afo 

requires N = 6'67 per cent.). The anhydrous acid melts at -lb , 

the hydrated acid when heated slowly. But immereed m a b W 

hydrated add melts and ro-sohdifles (compare Miller, 

224 j Bogert and Boroschek, J. Amer. Chem. Soc., 1901. 23, 740). 
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The second traction waa darker in colour and more soluble in 
water and the alcohols than the derivative described above, but 
similarly insoluble in other solvents. It does not melt below 300°, 
contains a primary amino-group, and is soluble in alkaline solution. 
On distillation with lime, acetyl-m-phenylenediamine was obtained 
(Found : N = t4-45. CjHijOaNj requires N ^ 14-43 per cent,). 

The substance is thus the expected fi-acetylaminoanthranilic acid. 

i.SulfhophlMimide.—'Ree (T., 1886, 49, 518) prepared the 
aminoniuni salt of this compound by heating the diammonium 
salt of 4-sulphophthalic acid at 100°. We find that on passing 
dry ammonia into 4-suIphophthalic acid while the temperature is 
gradually raised to 190°, and maintaining the mass at that tem- 
perature until no more ammonia shall be evolved— three to four 
days— a substance easily soluble in water to give an acid solution 
and containing the proper percentage of nitrogen for the imide 
will be obtained (Found : N = 6-16. Calc., N = 6-17 per cent,). 

This method of preparation might lead, not only to the desired 
l-sulphophthalimide, but also to the isomeric sulplionamide of 

phtlialic anhydride, NH2'S02*CgH3<C[^Q^O. But from the ease 

with which ammonia is liberated from the product in alkaline 
solution we conclude that the substance cannot contain the very 
stable sulphonamide group, and that it is therefore 4-sulpho- 
phthaiimide. 

The product of the reaction of this substance with sodium 
hypochlorite wa.s almost entirely the salt of 4-sulphophthalio acid, 
blit by fractional crystallisation a very small quantity of a sub- 
stance giving the reactions of an aminosiilphoiuc acid, which was 
soluble in water with a blue fluorescence, was obtained. Since, 
according to Kallc & Co. (D,R.-P. 138188, 1003), Hollemanii 
(fe, trav. chim., 1905, 24, 194) and Kastle Cfiem. ,/., 1911, 

45, 58), 4-sulphoanthranilic acid and its salts show such a fluores- 
cence in dilute solution, and this acid is one of the po.ssible products, 
whilst no observation of fluorescence of the other possible product^ 
S-snlphoanthranilic acid, is recorded in the Uteratui-e, we con- 
cede that a small amount of the former substance was produced. 

Two of the authors (M. T. M. and A. K, P.) dcsirc to record their 
tonks to the Department of Scientific and Indastrial Research 
l™ grants made on account of this research, 

Eovai. Holloway Colleoe. [R^mved, May 2 otl,. 1921.) 
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CCTIT. — m-Dilliiobenzoic Acid. 

By SA.MUEL S.MiLES and Jessie Stewart. 

The behaviour of o-dithiobcnzoic acid in sulphuric acid solutioj 
has been the subject of previous investigations (T., 1910, 97, picuj, 
1911, 99 , 640; 1912, 101 , 572; 1915, 107 , 1377). Extending'n;; 
study to other aromatic disulphides, attention was first directed 
to the mefu-isomeride. Preliminary experiments with this snlj. 
stance showed that the type of condensation which it undergoes 
is somewhat different from those observed with the ortAo-disulphjdf 
and before proceeding further it was necessary to prepare con. 
siderable quantities of the acid. The methods at present available 
for this purpose start either with ?«-auunobenzoio acid, which is 
converted to the .sulphinic acid (Oattermann, Be.r., 1899, 32, Hoi), 
this being finally reduced to the mercaptan, or from »«-sulpho. 
benzoic acid (Frerichs, her., 1874, 7 , 793), from which the dichloridc 
is prepared before reduction of the sulphonic group can be effcct«l. 
On applying these methods, it was found that for various reasons 
neither is suitable to the economical preparation of large quantities 
of the desired material. 

A few observer have recorded the production of sulphonvl 
ehloride.s by the action of chloro.sulphonic acid on aromatic com- 
pounds. The oases of benzene- and the toluene-sulphonyl chlorides 
{Ber., 1909, 42, 1802, 2057; Harding, this vol., p. 1261) liavt 
been thoroughly investigated; other examples arc those of «■ 
nitrobenzcnesulphonyl chloride (H.K.-P. 89997, 1896) and the 
sulphonyl chloride of o-nitrophenol {Zeitsch. angew. Chem., 1920, 
33, 8). These cases, however, appear to be exceptional; in fact, 
the formation of the sulphonic acid appiears usually to have been 
observed in the action of this reagent. We find, however, on em- 
ploying suitable conditions, of which the most ijuportant is the 
use of an excejss of the reagent, that benzoic acid yields 90 — 9.) per 
cent, of m-ehlorosulphc: ylbenzoic acid. By reduction of this 
product, »«-thiolbenzoic acid, is readily prepared and thence the 
required m-dithiobenzoic acid is obtained by the usual method of 
oxidation. Since the sulphonyl chlorides are a very convenient 
source of most other sulphur derivatives, the. investigation of this 
reaction is being extended to other tyjies of aromatic compound, 
and it has been found that many of these yield the sulphonyl 
chloride when treated with chlorosulphonic acid under suitable 
conditions. 

For the prcjdiict obtained from benzoic acid and chlorosulphorac 
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icid of two alternative structures (I or II) might be enter- 
tained. 

HO'OC'CsHj-SOjCI CIOC-CsH^-SOaH ClOC-CeH^-SOaCl, 

(T.) (II.) (III.) 

blit the latter must be rejected, since the substance on reduction 
vii'lds the corresponding mercaptan. The situation of the carboxyl 
iiid sulphonic groups follows from the fact that the chloride (I) 
and siilphonamide are identical with the corresponding substances 
prepared from m-sulphobenzoic acid. When the liquid dichloridc 
(III) of m-sulphobcnzoio acid is submitted to hydrolysis by cold 
iiater, a solid monochloride is obtained, and it has been considered 
iloubtful whether this product is the sulphonyl or the carboxyl 
ihloride (I or TI) (Limpricht and Uslar, Annaleii, 1838, 106 , 30). 
I'he substance Is identica) with that now obtained directly from 
briizoio acid with ohlorosulphonic acid, and is therefore the chloro- 
.ulphonyl derivative (I), Sulphonation of benzoic acid with 
sulphuric acid under certain conditions yields a .small quantity of 
the jMrtt.iaomeride (Remsen, Anrialen, 1875, 178 , 278), but this 
substance has not boon detected in the product from chlorosulphonio 
aoiil unrler the conditions adopted. 

ffl.Dithiohcnzoic acid in most of its reactions rcscmblc.s other 
ilisulphides, but it is very readily attacked by cold dilute aqueous 
alkali hydro.xide, and this exceptional behaviour has led to a more 
letailed .study of the substance. If the acid be directly titrated 
I'ith alkali, the value obtained for the equivalent w ill be normal ; 
)Ut if it be di.ssolvcd in excess of cold alkali and the amount of 
he latter uncombined be then estimated, it will be found that 
iiore than two equivalents of alkali hydroxide have been utilised 
ay a molecular proportion of the acid. The reaction which takes 
[ilaci; is progressive, and its speed depends on the tempepatuie, 
l!)' (oncentration, and on the relative amount of the alkali hydroxide 
Mii|iloyed. The circumstaiice.s are be.st illustrated by data obtained 
v.itli solutions at the atmospheric tcmpcratui'e containing six 
moK'(‘iilar proportions of pota.s.sium hydroxide of dilferent concen- 
trations to one proportion of disulphide. The figures quoted 
rcpiesent the number of equivalents of alkali hydroxide which had 
hem employed in reaction with one molecular proportion of the 
acid after the solution had been kept for the stated periods before 
titration with hydrochloric acid. 


®)*-^.'I’ctas3iuin hydroxido 

O'o.V. ” 


0 2 


(rains.). 

30. 

60. 

(days). 

3. 

6. 

. 2-3S 

2-75 

30 

— 

— 

4-(l 

. 2-47 

3‘5 

3-7 

— 

4 0 

.... 

. 3-26 

3-5 

3*75 

4-0 





. 3-31 

3-65 

3-8 

— 

4-0 

— 
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Examination of the products shows that simulteneous oxidation 
and reduction take place with rupture of the disulplude system. 
The chief product is m-thiolbenzoic acid; in fact, this substance 
is readily prepared by acidifying the strongly alkaline solution 
after it has been kept for a short time. The product or products 
of oxidation arc not so easily recognised, the only one which has 
been isolated is the disulphoxide, (-S 0 -C 6 H 4 -C 02 H) 2 . 

The interaction of alkali hydroxide and aromatic disulphides 
has previously been noticed in the cases of the diphenyl (Schiller 
and Otto, JBer., 1876, 9 , 1637; Fromm, Ber., 1908, 41 , 3403) and 
the di-p-nitrophenyl (Fromm, ibid., 1908, 41 , 2267) derivatives. 
With these substances the reaction was effected by boiling alcoholic 
solutions of alkali hydroxide, the cold medium having no eSect, 
The products isolated were the corresponding mercaptans and 
small quantities of the sulphinic acids or their simple derivatives, 
With the use of the boiling alcoholic reagent, the nature of the 
reaction is not at aU clear, for it is difficult to determine whether 
or not the formation of mercaptan is due to reduction by this 
reagent. In the case of m-dithiobenzoic acid, where interaction 
is effected by the cold dilute aqueous reagent, the conditions are 

simpler. i .j ■ j. 

The formation of the thiol derivative from the disulphide indicates 

that rupture of the dithio-system has taken place, and since it 
cannot be supposed that under these conditions the change is 
due to direct reduction by any reagent present, it must be assumed 
that the process is primarily one of hydrolysis which is effected by 
the alkah hydroxide. In fact, no simpler explanation can be 
given than that represented by the equation 


H0,C-C„H,-S-S'C6H4-C02H + H^O 


HO.C-CeH^-SH + HO-S-CjHj-CO.H, 


in which the mercaptan and sulphenic acid are the primary producti. 
This type of decomposition has been shoivn to occur with disulphides 
in sulphuric acid solution, and it has been previously sugges o 
explain various reaction.' of substances containing the dithio- 
group. Attempts to isolate a derivative of the sulphemc acid m 
the form of an alkyl sulphoxide were not successful, the action 
of methyl sulphate with the alkaline solution yielding o y c 
TO-methylthiolbenzoic acid. This result is scarcely surprising m 
view of the instability of the sulphenic acids and their 
Zinoke {Annalm, 1912, 391 , 57; 1913, 400 , 1; 1914, 406, m 

has shown that these substances undergo spontaneous deco 
position even in the presence of alkali, yielding disulphides, disu p 
oxiiles, and sulphinic acids. Search for the last-name 
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^grivatives showed that the benzoi<? acid m-disulphoxidc was 
formed in small quantity ; but the sulphinie acid was not isolated 
either as such or as the methyl sulphoxide alter alkylation of the 
reacting mixture. It is worth notice that boiling aniline or pyridine 
attacks the disulphide in the same manner as alkali hydroxide. 

It seems impossible to give any definite expression to the reaction 
tevond the primary hydrolytic change represented in a foregoing 
paragraph. There is httle doubt that the secondary decomposition 
which appeara to give rise to the oxidation products is a com- 
plicated process leading to other substances together with the 
lisulphoxide. m-Thiolbenzoic acid, which is the chief product of 
this reaction, may, like other mercapUns, be oxidised to the 
iisulphide. Hence, if there be added to the alkaline reacting 
mixture some reagent which ivill reconvert the mercaptan as it is 
formed to the original disulphide, the latter should be completely 
converted to the disulphoxide and other subordinate products of 
the secondary decomposition. Experiments made with iodine 
confirm this view, good yields of the disulphoxide being obtained. 

In this behaviour with cold aqueous alkali, m-dithiobenzoic acid 
is exceptional ; other aromatic disulphides which do not contain 
the acid group appear to be unattached by the reagent. The 
patented process (D.R.-P. 193800, 1900) for the preparation of 
o-methylthiolbenzoio acid by heating the dithio-aeid with alkah 
and methyl sulphate appears to indicate that the ort/w-isomeride 
behaves like the inelu-corapound. Experiments made under con- 
ditions comparable with those described in a former paragraph 
show that the reaction docs take place, but much more slowly. 
For example, at atmospheric temperature with six equivalents of 
O'Si.V-potassium hydroxide to one molecular proportion of o-dithio- 
benzoic acid, after one hour 2-0, after nmeteen hours 2’7, and 
after forty-eight hours 2’95 equivalents of alkali had entered into 
reaction. The behaviour of other disulphides is being investigated. 


Experimental. 

m-Chlarosulj>honylbenzoic Acid, COjH-CjHj'SOjCl. 

(1) A mixture of benzoic acid and five molecular proportions of 
chlorosulphordc acid was heated at 125° for one hour in an oil- 
hath; the evolution of hydrogen chloride had then ceased. The 
cooled product was poured over crushed ice, and the sohd mass 
pund under ice-cold water, collected, washed with water, and 
anally dried in a vacuum. The crude sulphonyl chloride melted 
d about 122°, and after recrystallisation from benzene the pure 
VOL. CXIX. 3 q 
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material was obtained in colourless prisms melting at 131“ (I’ouad: 
Cl = 16-0 ; S = 14-3. Calc., Cl = 16-1 ; S = 144 per cent.). 

The corresponding sulphonamide was prepared by the action of 
dilute aqueous ammonia on the chloride. It was recrystallised 
from a mixture of acetone and water and formed colourless prisais 
which melted at 233°. 

(2) m-Chlorosulphonylbenzoyl chloride was prepared from tie 
sodium salt of m-sulphobenzoic acid and phosphorus pentachloridE 
(Limpricht and Uslar, Annalen, 1857, 102, 250). The Hquid pro. 
duct was mixed with excess of water and set aside. After fc 
lapse of ten days it had become converted to a colourless, crystal, 
line mass. This was collected and recrystallised from benzene; 
the product melted at 131° and was identical with that obtained 
from benzoic acid as described in the foregoing paragraph. The 
corresponding amide was also identical with that prepared from 
m-chlorosulphonylbenzoic acid. 


m-l)ithiobenzoie Acid, (H02C’C5H4’S-)2. 

Thirty-five grams of zinc dust were added in small quantities 
from time to time to a solution of 20 grams of m-chlorosulphonyl 
benzoic acid in 150 c.c. of alcohol and 100 c.o. of concentrated 
hydrochloric acid. The liquid was constantly shaken during the 
addition, which extended over six hours. Undissolved zinc and a 
colourless solid {a) were collected from the mixture. The clear 
Hquid was mixed with soHd ferric chloride, when the required 
disulphide was precipitated in the crystaUine state. This was 
collected, washed with water and then with acetone before recrystal- 
Hsation from acetic acid. The product formed cream-coloured 
aggregates of needles which melted at 246° (Found ; C = 54-5, 
H = 3-6 ; S = 20-7. Calc., C = 54-9 ; H = 3-3 ; S = 20-9 per 
cent.). Gattermann (loc. cit.) gives the melting pomt of this 
substance as 242°. m-Dithiobenzoic acid is insoluble in water and 
sparingly soluble in most organic solvents. The solution in sulphuric 
acid becomes green on agitetion with benzene, forming condema-ta 
products which are now under investigation. The yield of crude 
material was about 65-67 per cent, of the theoretical. A further 
smaH amount may be obtained from the zinc derivative of m-thiul- 
benzoic acid (o) which separates during the reduction. In u 
process esterification takes place to a certain extent, and a sma 
quantity of ester may be obtamed by the addition of water alter 
the removal of the dithiobenzoic acid. The presence of this su ■ 
stance is apt to render purification of the acid difficult, an 
ments were made using acetic acid as the solvent in re uc 
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the yields, being in the neighbourhood of 35 per cent., were 
'uch poorer than that obtained with alcohol as the solvent. 

m-Thiolbenzoic Acid, SH-CjH4'C02H. 

This compound may be prepared by reduction of the disulphide 
■ tiie usual manner ; it is also formed by the interaction of alkali 
r-drojdde with m-dithiobenzoic acid. The latter substance was 
/ solved in excess of aqueous 2Af -sodium hydroxide. The solution 
Jas kept for two hours at 18° and then mixed with excess of dilute 
" bhuric acid. The copious precipitate was collected and reorystal- 
l”ed from a mixture of alcohol and water, when m-thiolbenzoic 
•cid was obtained in needles melting at 146 — 147°. The substance 
was converted by ferric chloride to the disulphide, and its properties 
agreed with those already assigned to the substance. 

m-Methylthiolbenzoic Acid, SMe'CeH4-C02H. 

A solution of 20 grams of m-dithiobenzoic acid in excess of 
Y-'sodium hydroxide was shaken for three hours with two molecular 
proportions of methyl sulphate. The small quantity of oil which 
separated during the process was removed by extraction with 
ether, then the aqueous solution was acidified with dilute sulphuric 
icid,' Ten and a half grams of m-methylthiolbenzoic acid were 
jbtained. After recrystallisation from a mixture of alcohol and 
water, the substance formed feathery needles which melted at 
Itft— 127° (Found: C = 56-8; H = 5'0; S = 18-9. CgHgOjS 
re'quires C = 57-1 ; H = 4-76 ; S = 19-0 per cent.). Thorough 
search for the sulphoxide or for the sulphone CgH4(C02H)*S02*CH3 
which would have indicated the formation of a sulphuric acid during 
this reaction, was without success, 
m-Methylsulphonebenzoic acid, H02C'C6H4*S03'CH3, was prepared 
'in the course of this examination, by oxidising the methylthiol with 

i ermanganate in glacial acetic acid solution. The substance 
rystallised in shining leaflets on cooling the hot aq^ueous solution ; 
t melted at 230° (Found : C = 47*7 ; H — 4*2 ; S = 16'0. 
requires C - 48-0 ; H = 4*0; S = 16*0 per cent.). 

Benzoic Acid m-Disulphoxidej (HOgC'CgH^'SOjg. 

The preparation of this substance is best effected by the action 
of iodine on an aqueous alkaline solution of the disulphide. A 
3oid solution of 5 grams of the disulphide in excess of iV-potassium 
iydroxide was treated with four atomic proportions of iodine. A 
solution of the latter in potassium iodide was slowly added from 

3q2 
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time to time, more alkali being added when necessary to preserve 
alkaUnity of the solution. When all to iodine had been added, 
to liquid was mixed ivith excess of dilute sulphuric acid and set 
aside. After the lapse of a few days, 3-8 grams or a ^eld of 69 pg 
cent, of benzoic acid m-disulphoxide had separated. The substance 
is readily soluble in hot alcohol, and when reorystallised from this 
medium it was obtained in small, white needles melting at 220», 
The ferric salt, like that of the disulphide, is insoluble m water and 
soluble in dilute mineral acids. When the solution in sulphuric 
acid is mixed with a drop of phenetolc, a blue colour is sloidj 
developed, hydrolysis to the sulphinic acid then setting in (Hilditch 
T 1911 99 1091) (Found: C = 49-5; H — 3-1 , fe — 191 
C ’h 0 S requires C = 49-7; H - 2-98 ; S = 18-93 per cent). 
This lulphoxide is also formed by the interaction of the disulphide 
and cold alkali hydroxide. It may be obtained m smaU quantity 
by setting aside the filtrate from the m-thiolbenzoio acid described 
iii a foregoing paragraph. The substance then f P^tes ia i 
somewhat impure condition. It was obtained m better yield by 
boiling the solution of the disulphide in PF'dme « one hour. 
The cold liquid was incompletely neutralised with dilute sulphnne 
acid, and, after to precipitated disulphide had been remove , 
the solution was rendered strongly acid. It was then repeatedly 
extracted with ether, and when this was evaporated the resto 
oil solidified. The product consisted of the somewhat mipme 
disulphoxide. Similar results were obtained with boilmg aniline, 
but the yields of disulphoxide were even smaUer. 

[ReoeM. Sspwnber 28l)i, 1921.: 


QQIV _^The Bale of Hydrolysis of Methyl Acetate in 
Hydrochloric AcH in Solutions containing Sucrose. 


By George Joseph Burrows. 

The influence of sucrose on the rate of ” 

has been studied by various investigators. T 
by Henri and Urguier des Bancels (« 

M 784) indicate that sucrose has a sbghtly Mcelera 
S r!te of hydrolysis of methyl acetate Coppa^Tat 
1901, 31 , i, 425) concluded that to adeWion f 
apparent effect, whilst, more recently, Gnffith, Lam , 
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1917, 111 , 389) have stated that it diminished the rate of 
hydrolysis of the ester, ihe results recorded in the present paper 
^vere obtained during an investigation of the influence of various 
substances on the rate of hydrolysis of esters by acids; they are 
comparable with those of Griffith, Lamhie, and Lewis, nevertheless 
the author considers that they indicate that sucrose ha.s an accelera- 
tive effect. 

The subject is of interest in view of the fact that both the ester 
and the sucrose are being hydrolysed by the acid at the same time. 

In all the experiments the temperature was 25“. The solutions 
in which no sucrose was present were prepared by dissolving the 
required amount of methyl acetate in water, adding the correct 
quantity of standard hydrochloric acid, and diluting with water to 
100 c.c, (at 25°). In the case of solutions containing sucrose, unless 
otherwise stated, the latter was added to the solution before diluting 
to the final volume. The reaction was followed in the usual way 
by estimating the amount of acetic acid produced by the hydrolysis 
of the ester after various intervals of time. 

The velocity constant k was calculated from the equation : 

^ = ( 1 ) 


where ^ is the amount o£ ester hydrolysed when eq^uilibrium has 
been attained, and x is the amount hydrolysed iu time i (minutesV 
The values oi k were found to be constant for the fraction of the 
reaction studied. 

The equation from which k is calculated is obtained from — = 

dt 

tlo - x), in which a is the initial concentration of ester. The 
:omct equation for the rate of hydrolysis can bo deduced only by 
Jonsidering the reaction as bimolecular and by taking the reverse 
feictioii into account ; thus : 

^ = kiib - x){w - J-) - 


yi'c q is the rate of hydrolysis, k.^ is the rate of esterification, 
IS the initial concentration of methyl acetate in gram-mols. per 
■tb ** solution, w is the initial concentration of water, and 
‘s e number of gram-mols, of ester hydrolysed in t minutes. 

rom this is deduced by integration (Griffith and Lewis, T., 1916, 
uy. (w> 


h = log d±jHl2(.^ - 1 )a: (-4 - y) 
14 A ~y-2\K- 1)1 ■ (4 + y) 


( 2 ) 
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where 


^ _ ^2 = X — 3 ^^ equilibrium, 

tCy 0 acetic acid X ^ alcohol 


y — w b, and A = Jy^ A' M^C — l)w6. 

For the solutions considered in this work, K varies only to a small 
extent. For the purpose of the present investigation, the rate of 
hydrolysis may he calculated, therefore, from the equation 





i 


0) 


so that the values h^hjw are considered to represent the rates ef 
hydrolysis of the ester after correcting for the differences in the 
initial concentrations of water in the various solutions . In this iriy, 
the following results (Table I) were obtained for the rates of 
hydrolysis of 5 per cent, methyl acetate solutions by iV/S-hydre- 
chloric acid in the presence of various amounts of sucrose. 


Table I. 

Expert 
mont. 

1 
2 
3 

This increase in the value of may, at first sight, appear to lie 
due to the increase in the concentration of the hydrochloric acid 
relative to that of the water, resulting from the decrease in tk 
amount of water in the solution. The rate of hydrolysis ivss 
therefore determined for a solution containing the same amounts 
of water, ester, and hydrochloric acid as in the first experiment, 
to 100 c.c. of which, however, 7 5 grams of sucrose had been added. 
The mean value of k for this solution was found to be 15-6 X lOt 
a value slightly greater than that obtained in experiment 1, althougt 
the catalyst had been diluted in the ratio 100 : 105 owing to the 
increase in the volume produced by the added sucrose. Correetmg 
for this dilution, the va.ue 164 x lO"* is obtained. In order to 
obtain the corresponding value of kc in this case, it is also necessary 
to correct for the dilation of the water. Whereas in expenmmt 
1, 52'32 gram-molecules of water were present in 1000 c.c. oto e 
solution, in the other case the same amount was present m Ito 
c.c. The value of w is therefore 52-32/1-05, whence h = 32-9 X W ■ 
This value is considered to be strictly comparable with k or ^ 
solution containing no sucrose, and it agrees very closely wt ^ 
obtained in experiment 2, with a solution prepared in such a J 
that its volume was 100 c.c. This result indicates that the pres 


Sucrose 

per cent. k X 10*. 
0 1407 

7*5 16-6 

15-0 17-5 


w. he X 10®. 
52*32 28*6 

49*60 33*5 

46*88 37*3 
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of sucros® increases the rate of hydrolysis of methyl acetate by 
about 17 P®'' particular concentrations used. 

Similar accelerative effects were observed for the addition of 
sucrose to other concentrations of acid. These results are collected 
in Table II. In every case the total volume of the solution was 
100 e c-i ^nd it contained originally 5 per cent, of methyl acetate. 


Tabi.p. II. 


Experi- 

ment, 

Concen- 
tration 
of acid. 

Sucrose 
per cent. 

k X 10*. 

to. 

kc X 10*. 

4 

Nji 

0 

7*16 

52-35 

13*63 

5 

7-5 

8-05 

49-83 

16-16 

6 

N’k 

0 

3*50 

52*67 

6-64 

7 

7*5 

3*99 

49*95 

7-99 


It will be seen that the presence of sucrose increases the rate of 
hydrolysis of the ester in both the above cases, the effect increasing 
slightly with decreasing concentration of the acid. 

For the hydrolysis of a 2 per cent, methyl acetate solution by 
.Y/lO-trichloroacetio acid at 35°, Griffith, Lamble, and Lewis 
(!oc. cit.) obtained the value k = 1-572 x 10"’, and for a similar 
solution to which, however, 8 grams of sucrose had been added, 

1; = 1-602 X 10^, results which compare with those given in the 
present paper. These authors then determined the rate of hydrolysis 
in a solution containing the same amounts of acid and water, but an 
amount of ester equal in volume to the total volume of ester and 
sucrose used in their previous experiment, and obtained the result 
k = 1-77 X 10"’. They state that this figure is directly comparable 
\rith the value 1'602 X 10’’ obtained for the solution containing 
sucrose, and conclude tha't sucrose has a depressing effect. 

It is well known that the rate of hydrolysis of an ester is not 
independent of the initial concentration, but increases with in- 
creasing concentration of the ester. This increase has been 
attributed to the corresponding decrease in the concentration of 
the water, the latter being considered to have an anti-eatalytio 
effect in such reactions. It is this fact which renders it difficult 
to study the actual effect of a solute on the rate of hydrolysis of 
an ester, apart from that due to the change in the concentration of 
water. When a portion of the water is replaced by sucrose or other 
substance, one would expect a certain increase in tffie rate of the 
reaction resulting from this cause alone. At the same time, the 
present author considers that Griffith, Lamble, and Lewis have not 
established their conclusion that sucrose has a depressing effect on 
die rate of hydrolysis of methyl acetate ; at the most, they can only 
conclude that it has a smaller accelerative effect than the addition 



1802 


HAMMICK AND MNLLALY : 


of the same volume of methyl acetate to the reaction mixture 
Even this, however, has been found not to be the case in the present 
investigation, in which hydrochloric acid has been used as the 
catalyst. 

The effect of increasing the initial concentration of the ester is 
shown by the results in Table III, for the rates of hydroly.sis of 
various solutions of methyl acetate by A72-hydrochloric acid. 

Table III. 

Initial concen- 


Experi- 

ment. 

tration of ester 
per cent. 

k X 10*. 

w. 

kc X 10®. 

8 

2*6 

14-81 

53*72 

27-6 

9 

50 

14*97 

52-32 

28*6 

10 

10-0 

15-94 

49-00 

32-1 


The value of kc for a solution containing initially 5 o.c. of ester 
and 5 c.o. of sucrose {t, = 33-5 X lO"*) is greater than that for a 
solution containing 10 e.c. of methyl acetate. These result,? 
indicate that the rate of hydrolysis of the ester is increased to a 
greater extent by adding sucrose than by adding a further quantity 
of ester equal in volume to that of the sucrose. 

Finally, the conclusion that sucrose has a definite accelerativo 
effect is further supported by comparing the results given above 
with that obtained for a solution in which part of the water is 
replaced by an indifferent substance such as acetone. The rate of 
hydrolysis of 5 per cent, methyl acetate by A’/2-hydrochloric acid 
in aqueous acetone solution containing 20 per cent, of acetone by 
volume was found to be 14-03 X lO"*. In this case w = 42-46, 
whence kc — 33-0 X 10^. The corresponding value of kc for a 
solution containing 5 per cent, of acetone by volume is 29-1 X lO"^, 
which is smaller than the value for a solution containing 5 per cent, 
of sucrose by volume. It follows that the increase observed for a 
solution containing sucrose cannot be attributed entirely to a 
decrease in the total amount of water in the solution. 

The tjNiTEBsiTY OP Sydney. [Receii-ed, September 1921.] 


CCV . — The Dimorphism of Potassium Ethyl Sulphate. 

By Dalziel Llewellyn Hammick and John Mylne Mullaly. 

It was noticed by one of us (J. M. M.) that potassium ethyl .sulphate 
is dimorphous. On crystallisation from methylated alcohol, the 
substance first appeared in tufts of long, feathery crystals, which, 
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as the solution cooled, redissolved and gave place to the ordinary 
form. The same dimorphic change was observed after 
crystallisation from water. In this case, however, the change was 
suspended for twenty-four hours, the preparation being left un- 
toiiclied and protected from dust. On exposing the mass of crystals 
to the air, the transformation immediately started at several nuclei 
atid was complete in a few minutes. 

In order to show that the change is not one of hydration, the 
solid phase stable at low temperatures (the a-form) was analvsed : 
0 5050 gram was heated strongly in a platinum crucible with a few 
drops of concentrated sulphuric acid until no further decrease in 
weight occurred. The residue of potassium sulphate weighed 
0'2682 gram. Since 0-5050 gram of jmtassium ethyl sulphate is 
theoretically equivalent to 0-2680 gram of pota.ssium sulphate, the 
j-potassiura ethyl sulphate cannot be hydrated. This result agrees 
with the previously published descriptions. Now the p-form can 
he obtained from the a by crystallisation from absolute alcohol or 
water, or by merely heating when dry. Hence the P-form must bo 
anhydrous also. 

tor these and all following experiments the potassium ethyl 
sulphate was used only after being crystallised from alcohol, and 
dried in a vacuum over calcium chloride. It was then almost pure, 
containing only a trace of carbonate. 

We arc indebted to Mr. T. V. Barker for the following account of 
the modification stable at higher temperatures : 

The higher-temperature modification crystallises in needles 
with straight extinction, and therefore probably belongs to the 
orthorhombic system. The faster ray (that is, that wdth the greater 
refractive index) vibrates along the axis of elongation. 

The crystals belonging to the previously knowm monoclinic 
foi'ui are rhombs of about 93'' and exhibit diagonal extinction. This 
h in fuU agreement with the published description.'^ (See Groth, 
"Chemische Krystallographie/’ vol. Ill, p. 120). 

Ihc solubility curves i^vere determined in order to find the transi- 
tion point. The method used was that of Hartley and Thomas 
(T., 1906, 89, 1013). 

Kno\m weights of potassium ethyl sulphate (1 to 2-5 grams) 
amounts of water were heated in sealed tubes 
[f in a bath the temperature of which could be 

^ re at will and read with a standardised thermometer. The 
^as cw crystals to dissolve w'ere watched ^vith a lens in order to see 
so/' ^dges were rounded (indicating that they were dis- 

®barp (growing). The required temperature of saturation 
® en the mean between the highest at which they were seen to 

3 Q* 
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grow and the lowest at which they dissolved. It was easy to set 
which was the solid phase in equilibrium with the 
solution at different temperatures. Hence the two 
corresponding solubility curves were obtained intersect, 
ing at the transition point, which could only be foum] 
thus to be in the neighbourhood of 50°. 

By dissolving the last trace of solid and then cooling 
the tube carefully, it was possible to crystallise the 
P-form at temperatures at which the a was the more 
stable. Hence a metastable solubUity curve was obtaincii 
for the p-form. No matter at what temperature crystal, 
lisation took place, the p-form was always the first to 
separate out, and at low temperatures it was much less 
liable to change to the stable form than at higher ones 
near the transition point. Great supersaturation of 
both forms also occurred. In order therefore to induce 
crystallisation or tramsformation in the tubes, a small 
crystal for seeding was placed in the .small pocket blorm 
on the stem of the tube (Fig. 1).* 

The tubes were cleaned before use by washing wiH 
acid, steaming for several hours, and then drying. 

The data from which the curves were constructed 
are as follows ; 


Percentage of 

Solution 

Solution 

KCaH.S 04 
in the solution. 

temperature 

temperature 

for a* form. 

for 3'form. 

49-5 

-4-5'» 

-13-6^ 

51*946 

-1-9 

— 

68-81 

+ 8*7 

~ 5*2 

66-6 

21*1 

-1-12*1 

70-015 

26*6 

20-1 

75*29 

35*0 

32-0 

76’675 

35-9 

32-6 

77*99 

39-9 

38-2 

80-084 

45*5 

46-0 

82-04 

51-14 

51*10 

84-44 


59*46 

84-52 


60'46 

85-47 


65-8 

86-23 


69-1 

87*945 


81-3 

89-62 


91-2 


These points w'hen plotted give the curves shown in Fig. 2. Tie 
raetastable curves are dotted. 

The transition point was more accurately determined by the 
thermometric method. The solid potassium ethyl sulphate was 
mixed with a small quantity of water contained in a jacketed tube 

• This device was suggested by General H. B. Hartley- 
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imBierseiJ in R water-bath. Both substance and bath were stirred 
and H-ell-marked arrests in the former’s temperature were observed 
at SI'S”. 51-8°, and 51-8° respectively. More solid was added 
between each determination, and since this addition caused no 
further alteration in the value after the third determination, the 
transition point may he taken as 51-8°. 

Fiq. 2. 


The Syatem : Potaeaium Ethyl Sulplmte^Waier. 
0 a-Form. X Ice line, 

0 fi,Fortn. 0 Eutectics. 



In order to complete the diagram representing the systems of 
potassium ethyl sulphate and water, the ice line was determined. 
The depressions of the freezing jxiint of water by various amounts 
Ilf the dissolved salt were found by the Beckmann method. The 
results are given in the following table : 


Percentage of 
KC^H^SO^ 

Freezing 

Percentage of 
KC,HtSO* 

Freezing 

in the solution. 

point. 

in the solution. 

point. 

5'480 


13-770 

-3-220® 

6-370 

-1-42 

19-808 

-4-93 

9-434 

-2130 

25*9o3 

-6-68 

12-953 

-2-98 

33-7U 

-9*55 


The curve is plotted in Fig. 2, and agrees with that given by 
jlhingworth and Howard {Phil. Mag., 1884, 18, 123). 

I The direct determination of the cryohydric points, both stable 
jWd metastable, was carried out by cooling a concentrated solution. 
I 6r ice or potassium ethyl sulphate had ceased separating out 
i OM. and the composition and temperature of the remaining 

3q*2 
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solution had attained those of the eutectic, subsecLuent solidification 
took place at constant temperature. This constant temperataij. 
was taken as the cryohydric point. 

The values obtained for the a-eutectic point were —12-8° and 
— 13-0°. These agree with the extrapolated value, but not 
that given by Illingworth and Howard. 

The p-eutectic (metastahle) was observed first at -Lo-l” to 
— 15-3° and then at ~ 15-2°. 

The mean values are therefore ; for the a-eutectic — 12-9°, anj 
for the p — 15-2°. 

We conclude by expressing our gratitude to Brig. -Gen. H. B. 
Hartley for his valuable help and arlvice. 

Dyson Peiuuns Laboeatoby, Baijjol College LABORATosr, 

Oxford. Oxford. 

[Received, August 30th, 1921] 


CeVL— The Frieclel-Grafts' Reaction. Part 111 
Migration of Alkyl Groups in the Benzene Nuclew. 

By Maurice Copisarow. 

The chemical metabolism brought about by the action of aluminium 
chloride on alkylated hydrocarbons of the aromatic series results 
in profound molecular rearrangements. 

The scission of alkyl groups in the benzene series by means ol 
aluminium chloride was first recorded by Gustavson (Bull. Set. 
chim,, 1878, [ii], 30, 22), and by Friedel and Crafts (T., 1882, 41, 

Further work by Friedel and Crafts (T., 1885, 48, 674), Anschuti 
and Immendorf (Ber., 1885, 18, 657), and Heise and Tohl (Aiiualei. 
1892, 270, 168) indiea'ed that the action of aluminium oUonde 
results in a general migration of alkyl and, to a smaller extent, 
of phenyl groups, with the formation of isomerides, higher and 
lower alkyl derivatives of benzene, and members of the diphenj 

^In^the fight of the investigations of Friedel and Crafts (Coinpl 

rend., 1885, 100, 692), Hamer (Proc. Camb. Phil. Soc., Hit 
65), Schroeter (Brennatoff Chera., 1920, 1, 39), Zanetti and fimh 
Ind. Eng. Chem., 1921, 13, 208, 358), and Copisarow (this ™ ■ 
p 442) the action of aluminium chloride appears to extend ej 
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the migration of ^oups and results in pjn-ogeuic-like fission of the 
benzene nucleus ivith the formation of members of the naphthalene, 
nthracene, and probably phenanthrene series. The action of 
ferric chloride on alkyl derivatives of benzene results, not only in 
migration, but also in chlorination (Thomas, C<mpt. rmd., 1898, 
126, 1213)- 

In the course of the present investigation the following facts 


,vere established : 

( 1 ) The action of aluminium chloride on methylated benzene 
represents qualitatively a reversible reaction in so far as the migra- 
tion of the alkyl groups is concerned, and, therefore, in this respect 
it lends itself to the same treatment as is applied in the migration 
of the halogen atoms (Clopisarow, loc. ciL). 

(2) The fission of the benzene nucleus is facilitated by high 
temperatures, concentration of aluminium chloride, extent of 
alkylation of the hydrocarbon, and extension of the period of 
reaction beyond the maximum required for the migration. 

The optimum conditions for the migration were attained by 
modifying the conditions of reaction in the light of those observa- 
tions, "and also the observations made by Jacobson {Be.r., 1885, 
18. 338) and by Anschutz and immendorf {Annaleii, 1886, 235, 
ITi) on the influence of hydrogen chloride. 

The increased migration is clearly illustrated by comparison of 
the 22'9 and 23'7 per cent, yields of toluenq from xylene obtained 
ill the present case with that of 12-5 per cent., the maximum found 
by Fischer and Niggeraann (Ber., 1916, 49 , 1475). 

The role of hydrogen chloride in the reaction consists in its 
action on tho double compound formed by the hydrocarbons 
ivith aluminium chloride. Its effect may be expressed by the 


iipiationa : 


(1) CeH^-CH, + Algols = C^Hj-AljCls + CHjCl. 

(2) CeHs'CHs -f CH 3 CI = -f HCl. 

(3) -+ HCl = C,He + AljCl,. 


The influence of nitrogen is merely mechanical, whilst the chemical 
effect of hydrogen is probably due to its action on the methyl 
chloride formed in the course of the reaction. 

The duration of heating was regulated in the experiments 
cirried out in distillation apparatus by the rate of distillation of 
the products of low b. p. 

The limitations of the progress of migration must be attributed 
to the deteriorating effect of the fission products upon the active 
surface of the aluminium chloride, rather than to the formation of 
the fission products as such. 
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Experimental. 


[With Cyril Norman Hugh Long.] 

The Aclion of Aluminium Chloride on Toluene. 

Series I . — Mixtures of toluene (5 parts) and finely powdered 
aluminium chloride {1 part) were heated on the steam-bath fof 
eight hours under reflux, in one case in presence of a current of 
nitrogen and in the other of hydrogen chloride at the approximate 
rate of 3 bubbles per second. 

The mixtures gradually darkened with the formation of a deep- 
red double compound of aluminium chloride with the hydrocarbons 
present. The reaction mixtures were subsequently treated mtli 
ice and a little hydrochloric acid and distilled in a current of steam. 
The oily layer of the distillate was removed, dried over sodium 
sulphate, and fractionally distilled, the following fractions being 
collected : (u) up to 100^, (&) 100 — 125®, (c) 125 165®, and (d) 
above 155°. On carefully refractionating and comparing these dis- 
tiUates with known mixtures of benzene, toluene, and xylene 
fractionated in the same apparatus, the following results were 
obtained : 

Yield per cent, of tho theoretical. 


Benzene 

Toluene 

Xylene (b. p. 136—143®) 


In hydrogen 

In nitrogen. chloride. 

8-0 11-5 

90-5 eO'O 

7 0 5-3 


The calculation of yields was based on the equation ; 

2C5H,-CH3 = C5H3 + OsH.lCHj)^. 

The fractions of high b. p. consist mainly of polyalkylbenzenes, 
whilst the small quantities of dark tarry residues left after dis- 
tillation ivith steam represent the bulk of the products of fission. 

In view of the work of Friedel and Crafts (loc. cit.), Anschutz 
and Immendorf (loc. cit.), and Copisarow (loc. cit.) no effort was 
made either to separate die polyalkylbenzenes, constituting the 
fraction of high b. p., or to isolate the complex mixture of hydro- 
carbons of the tarry residue. 

Series II . — Mixtures of toluene and aluminium chloride, in pro- 
portions as above, contained in distillation flasks, were heated in 
presence of currents of nitrogen, hydrogen, and hydrogen chloride, 
the feature of these experiments being the removal of the produc s 
of low b. p, , immediately they were formed, from the reaction me a. 

The temperature, duration of reaction, and method of working up 
were similar to those employed in series I. 
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jlie following results were obtained ; 

Yield per cent. 


In In In hydro- 

nitrogen. hydrogen, gen chloride. 

Benzene (before and after working up) 14*2 20*8 25-9 

Toluene 63’0 /rO 57*8 

\'vlene9 6'5 


Xhe fractions of high b. p. and the tarry residue, especially the 
former, were very small in the experiment carried out in presence 
of hydrogen. 

Series JU - — A mixture of toluene (100 parts) and aluminium 
chloride (3 parts), contained in a distillation flask, was heated in 
presence of a current of hydrogen chloride, the experimental 
conditions being identical to those adopted in scries 11. 

The following results were obtained : 


Benzene 22-0 per cent, of the theoretical 

Toluene '<4'2 „ ,, 

Xylenes 17'8 „ „ „ 


The quantity of other products was small. 

The Action of Aluminium Chloride on Commercial Xylene. 

The xylene employed in the subsequent experiments was pre- 
pared by washing crude commercial xylene with a little (6 per cent.) 
cold concentrated sulphuric acid, with sodium hydroxide, and with 
rater, then drying over sodium sulphate and fractionally dis- 
tilling, the fraction boiling at 136 — 143° being utilised. 

Series I . — Mixtures of purified commercial xylene (5 parts) 
irith finely powdered aluminium chloride (1 part), contained in a 
distillation flask, were heated for eight hours in presence of a 
current of hydrogen chloride. 

Experiments were carried out at 100° and 120°. The features 
of the reaction were similar to those of toluene. 

The product of reaction, after treatment with ice and hydro- 
chloric acid, was deep green and showed distinct fluorescence. 

The following results were obtained on fractionation of the 
distillate in a manner identical to that adopted in the previous 
experiments. 

Yield per cent. 

A^1M^ At 120*^ 


Benzene (before and after steam distillation) 7*7 4'1 

Toluene „ „ „ „ 23‘7 16*3 

Xjleues (b, p. 136— U3°) 45-8 37 0 


alculated on the basis of the equations ; 

2 C,H 4 (CH 3)2 = CjHs-CH, + CeHjfCHj), and 

2C,H,(CH3)3 = C,H, + C.HjfCHj), 
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although some of the benzene formed may have been due to the 
action of aluminium chloride on the hydrocarbons produced durino 
the reaction. The residue left after steam-distillation was a viscous 
dark-green tar. 

Series II . — A mixture of xylene (100 parts) and aluminiuiu 
chloride (3 parts) was heated at 120° under conditions identical to 
those of series I. 

The product of reaction was pale green, and when subjected to 
distillation with steam, left but a small tarry residue. The following 
results were obtained on fractionating the distillate : 


Benzene 3*8 per cent, of ilie theoretical 

Toluene 22‘9 „ „ ,, 

Xylenes 50'4 „ „ ,, 


The complexity and relative quantities of the fractions of high 
b. p. and residues may be seen from the table given below, 212 
grams (2 gram-mols.) of xylene being employed in each experiment 


Fraction. 
143—162“ 
162—185“ 
185 -195“ 
195—270“ 
Residue (tar) 


Series I. 

Series 11. 

At 100“. 

At 120“. 

At 120“. 

10*4 grams 

9*8 grams 

30*4 grams 

420 „ 

16-3 „ 

35-4 „ 

4*8 „ 

4 

2-6 „ 

5-2 

4 

3 

20 

78 

4 


Chemical Department, 

The University, Manchester. [Received, August '21th, 1921.] 


CCVII . — Derivatives of 3-Oxy(l)tMonaphthen. 

By Samuel Smiles and Ernest Wilson McClelland. 

The experiments described in the following pages are the outcome 
of a previous investigation of the reactions of aromatic mercaptans 
in sulphuric acid solution. In this medium oxidation of the mer- 
captan takes place, disulp', ides being formed; the properties of 
the solution indicate that the disulphide is in equilibrium with 
the mercaptan and sulphenic acid : 

R-S-S-R R-S-OH -P R-SH. 

The presence of the sulphenic acid has been inferred from the 
reactions of these solutions. By the addition of other compounds 
which contain hydrogen available for removal in the form of water, 
various types of sulphides have been isolated from them : 

R-S-OH -f HR' = R'-S-R -f HjO. 
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In tbs cas® 2-thioIbenzoic acid and the corresponding disulphide 
it has been shown that aromatic compounds yield the thioxanthones 
and that aliphatic compounds containing the ketomethylene group 
furnish derivatives of 3-oxy(l)thionaphthen; tor example, malonic 
acid or ethyl acetoacetate (T, 1912, 101, 572) yielded this substance : 

CMcOfl + CH,{COR), = CaH,<g->CH, + 2R-C0,H. 

In simple cases such as these the groups R-CO- were found to he 
eliminated during the condensation, in fact in only one ease, that 
of benzoylacetone. from which 2-henzoyl-3-oxy(l)thionaphtheii was 
obtained, did the product contain the ketonic group of the original 
substance. The study of this type of reaction was interrupted 
and a somewhat incomplete account of the re.sults was published 
(Smiles and Ghosh, T., 1915, 107, 1378). The experiments which 
are now described were carried out primarily with the object of 
obtaining further evidence that derivatives of 3-oxy( 1 )thioiiaphthen 
rith substituents in position 2 arc formed in the earlier .stages of 
the reaction. This evidence has been obtained in two ways : 
either by employing milder conditions of reaction which permit 
these substitution products to escape decomposition, or by choosing 
material which furnishes characteristic derivatives of greater 
stability. 


CaH,<Cp.>CH.CO-CH, C„H,<^i'.>C(CO-CH,), 

(!•) (II.) 

CH, 

(in.) 


Ill previous experiments with the condensation of 2-thiolbenzoic 
acid and acetylacetone the formation of 3-oxy(l)thionaphthen was 
recorded (Smiles and Ghosh, foe. cit.). By repeating the process 
at lower temperatures 2-acetyl-3-oxy(l)thionaphthen (I) has now 
fen obtained in good yield, but the diacetyl derivative (II), which 
15 no doubt the primary product, could not be isolated. In the 
case of ethyl acetoacetate it has been shown (T., 1912, 101, 572; 

2-thiolhenzoic acid and sulphuric acid 
a 0 thioindigo,” small amounts of oxythionaphthen, and the 
ycoumarin (HI) are formed. Further experiments carried 
'M at lower temperatures have yielded none of these, but instead 
,ara a product which from its general properties appears without 
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doubt to be the acid (IV). This substance proved too unstatij 
for isolation in a state fit for analysis ; oxythionaphthen, in 
of the 2-acetyl derivative as expected, being formed from it 
hydrolysis with alkaline or acid media or even by mere recrystal 
lisation. 

CaH4<^?.>CH-CH0. 

(IV.) (V.) 

According to the work of von Pcchmann {Ber., 1884, 17, 932 ) 
the solution of malic acid in sulphuric acid may be used for generit. 
ing malonie semialdehyde in the production of coumarins from 
phenols. This solution also undergoes reaction with 2-thiolbenzoic 
acid, yielding the 3-oxy(l)thionaphtben-2-aldehyde (V), Hf 
aldehyde acid would appear to be formed in the first stage of the 
process before loss of carbon dioxide takes place ; but the amount 

C8H4<^®>CH-CH:C<,^°>CeH4 

(VI.) 

of the aldehyde met with is quite small, the chief produtt 
being the red dyestuff (VI) which is formed from it by the action 
of sulphuric acid (Friedlander, Ber., 1911, 44, 31(Xt). 

The reaction of 2-thiolbenzoic acid with aoetonedioarboiyli! 
acid or with citric acid in sulphuric acid solution has also been 
studied. The presence of two methylene groups in acetonedicar'b- 
oxylio acid suggests the possibility that this might unite with one 
or two molecules of the mercaptan according to the proportions 
of the reagents present, yielding after loss of carbon dioxide the 
following substances (VII or VIII) : 

C8H4<^®>CH-C0-CHjj-C02H 

(VII.) 

_ A'\ 

C6H4<^?>CH-CO-CF<CO>c,H4 C8H4< P S 

(VIII.) (IX.) 

3-Oxy(l)thionaphthen yields the methylcoumarin (III) on treat- 
ment with ethyl acetoacetate in presence of sulphuric acid and, 
bearing in mind the stability of this coumarin, it must be expected 
that if a product of type VII were formed, it should be converted 
by loss of water to the oxycoumarin (IX). This substance has 
been obtained from the reaction of acetonedicarboxylic acid with 
, 2-thiolbenzoic acid, in fact it appears to be the sole product; » 
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substeB*^® derived from type VIII has not been isolated even when 
excess of the mercaptan was taken. 

The structure assigned to this product has been proved by the 
isolation of the thionaphthen nucleus with the acetyl group derived 
from the oxycoumarin complex, and by the fact that the substance 
possesses the characteristic properties of benzotetronio acid (X), 
gr 4 .oxyooumarin, which it closely resembles. By distUlation with 
a current of steam the compound yields, with loss of carbon dioxide 
and absorption of the elements of water, 2-acetyl-3-oxy(l)thionaph- 
‘ben (I). Th® constitution of the latter snbstance is determined 
jv (1) the synthesis from aoetylacetone as described in a foregoing 
jiragraph, (2) the conversion to “ thioindigo ” by alkaline ferri- 
yanide, and (3) the formation of a phenylhydrazone. Moreover, 
he coumarin derivative is soluble in aqueous sodium carbonate 
iolution; it yields a nitroso-derivative, and on treatment with 
nrmaldehyde furnishes the corresponding methylene-bisthionaphtha- 
jxyooumarin. These properties are in close accord with those 
assigned to benzotetronio acid by Anschutz (Annalen, 1909, 367, 
169; 1911, 379, 333), who recorded the formation of the nitroso- 
and bismethylene derivatives and the hydrolysis by alkali hydroxide 
with formation of 2-hydroxyacetophenone ; 

+ CO, 

(X.) 

From the experiments which have now been made on this sub- 
ject, it is clear that the reaction between 2-thiolbenzoic acid and 
substances containing the ketomethylene group is of fairly wide 
application. In all the cases examined the formation of derivatives 
of 3-oxy(l)thionaphthen has been shown, and from the evidence 
collected there is Httle doubt that the 2.derivatives of this substance 
are the primary products, which, under certain conditions, such as 
high temperature, may suffer decomposition, yielding the parent 
oxythionaphthen. 


Experimental. 

1. Ethyl Aceioacetate and 2-Thiolbenzok Acid (compare T., 1912, 

: 101, 572). — Twelve grams of ethyl acetoacetate were slowly added 
to a mixture of 10 grams of 2-thiolbenzoio acid and 120 grams of 
ooncentrated sulphuric acid. The solution was continually shaken 
during the addition of the ester, and the temperature was main- 
tained at 28 — 30° . The reaction progressed with evolution of sulphur 
lojide and solution of the dithiobenzoic acid; it was complete in 
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about thirty-five minutes. The mixture was then poured over 
crushed ice and the yellow sohd was collected and washed wit], 
water. The filtrate contained a small quantity of oxythionaphthen. 
The solid material proved to be very unstable, being easily resolveii 
into oxythionaphthen; it was obtained in the crystalline state^ 
but stiU impure, by the slow addition of water to the solution ij 
alcohol. It is soluble in aqueous sodium carbonate, and when 
heated it decomposes rapidly with efiervescence. When treated 
with a current of steam in presence of a little dilute sulphuric acid, 
the substance yielded 2 -oxy(l)thionaphthen and a considerable 
quantity of “ thioindigo.” From 10 grams of thiolbcnznic acid 
5 grams of oxythionaphthen were isolated. Hydrolysis may also 
he effected by dilute aqueous ammonia. The methylcoumatin 
isolated in previous experiments was not observed in the product 
formed under these conditions. 

2. 2 -A<xtyl-i-oxy{l)lhiomphthcn (formula I).— This substance was 
prepared from the thionaphthacoumarin derivative described in 
a subsequent paragraph, and by the action of acetylacetone on 
2-thiolbenzoio acid. 

(a) The crude thiouaphthoxycoumarin obtained from the inter- 
action of citric acid and 2-thiolbonzoic acid was treated with a 
current of steam in pre.sence of a little dilute sulphuric acid. The 
first portion of the distillate contained oxythionaphthen which 
had been formed during the preparation of the coumarin derivative 
by the action of hot concentrated sulphuric acid on that substance. 
The sohd which separated from the subsequent distillate was 
collected and reorystalliscd from aqueous alcohol; 2-aoetyl.3. 
oxy(l)thionaphthcn was thus obtained in pale yellow needier 
which melted at 8 1 The substance is very soluble in most organic 
media and sparingly so in water (Found : 0 = 62-1; H=4'2; 
S=16-9; ilf = 186. Ci„H80.3S requires 0 = 62-45; H = 4-19; 

g = 16-69 per cent. ; M = 192). The addition of ferric chloride to 
the alcoholic solution produces a green colour. With hot concen- 
trated sulphuric acid “ thioindigo ” is slowly formed and the same 
substance is readily ohtr.ned by the addition of potassium fern- 
cyanide to the alkaline solution. 

The phenylkydrazone of 2-acetyl-3-oxy(l)thionaphthen ^\as pre 
pared by boiling an alcohohe solution of the components for three 
hours. The crude product was recrystalli.sed by the addition o 
water to the alcohohe solution ; the pure substance formed slender, 
reddish-brown needles which melted at 131° (Found. N — 
CisHuONjS requires N = 9-9 per cent.). The scarlet sodium » 
of this hydrazone is sparingly soluble in water. -ii .c 

(j) Five grams of 2-thiolbenzoic acid were suspnded m ■-» ■ 
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concentrated sulphuric acid; 3-3 .grams of aeetylacetone were 
tlien gradually added to the mixture, which was kept at 40“ for 
tjjree-quartera of an hour. The solid material obtained by pouring 
this mixture over crushed ice was washed with water and then 
treated with a current of steam. The volatile product, after 
[.(■crystallisation from aqueous alcohol, was identical with that 
obtained in the foregoing preparation; samples of the phenyl- 
hydraxone prepared from the two sources also were identical. 

3 . 3.0x}/{i)thiomphthen.2.aldehyde (formula V).— A mixture of 
10 grams of 2-thiolbenzoic acid and 100 c.c. of concentrated sulphuric 
acid was heated rapidly to 90“ ; 15 grams of finely powdered malic 
acid were then added in the course of fifteen minute, the contents 
of the vessel being constantly shaken. After remaining at 90“ 
lor another period of fifteen minute, the mixture was rapidly 
cooled and then poured over ice. The solid material was collected 
and thoroughly washed with water; then the aqueous filtrates 
irere shaken with ether, and the solid remaining after this solvent 
had been evaporated was treated with a current of steam. After 
recrystallisation, the volatile product melted at 107“ (Found : 
S = 18'1. Calc., S = 18-0 per cent.). It reduced an ainmoniacal 
solution of silver oxide, imparted a green colour to an alcoholic 
solution of ferric chloride, and with dilute sulphuric acid readily 
yielded the red dyestuff (formula VI). In all these properties the 
substance entirely agrees with the 3-oxy(l)tliionaphthen-2-aldehyde 
previously prepared by Friodlinder (loc. cit.) from “ 2.thionaphthen- 
S-indole-incUgotiii ” (3'-indoxyl-2-thionaphthen.3-one) with sodium 
etho-xide, The phenylhydrazone was prepared (Found : N = 10-4, 
Calc., N = 104 per cent.), it melted at 130—137“ ; Friedldnder 
giMiS 137“ as the melting point of this substance. The yields of 
the aldehyde in this process are very poor, but this is not sur- 
prising, since in presence of mineral acids it is readily converted 
(Iriedlander, he. cit.) to the red condensation product. This 
substance forms the chief product of the reaction now described ; 
it was obtained from the sohd material by extraction with a hot 
dilute solution of sodium hydroxide. 

4. {l]TkiampMha-i-oocycoumarin (formula IX).— A mixture of 
■) ^ams of 2-thiolbenzoic acid and 12 grams of acetonedicarboxylio 
stid was added to 50 c.c. of concentrated sulphuric acid. The 
reaction which set in immediately was completed by keeping the 
so ution at 40 50“ for one and a half hours. When the evolution 
0 su p Ur dioxide had ceased, the mixture was poured over ice, 
au t e precipitated solid was collected and washed until free from 

dltli' * iTi* recrystallised from aqueous alcohol, when 
tonap tha-4-oxycoumarin was obtained in faintly yellow 



1816 


SHIMOMURA AND COHEN : A NEW METHOD 


needles which melted and decomposed at about 275° (Houml; 

C = 60-l; H = 2-9; S = 14-7. CiiHsOjS requires C = 60-51; 
H = 2-77 ; S = 14'7 per cent.). The substance is insoluble ij 
water and soluble in aqueous sodium hydroxide or carbonate. 
The action of sodium nitrite yields a yellow nitroso-derivativ-e. 
The same material is readily prepared by substituting 16 grams of 
citric acid for the aeetonedicarboxylic acid mentioned in the fote. 
going preparation; at the same time the amount of sulphuric 
acid should bo increased to 80 c.c., but the temperature quoted 
should not be exceeded, otherwise oxythionaphthen is formed by 
decomposition of the eoumarin derivative. The formation of 
2 -acetyl- 3 -oxy(l)thionaphthen from this substance by treatment 
with steam is described in a foregoing paragraph . 

Methylene. bia-(\)thi(xmfUhaA-oxycmrmrin was prepared by the 
action of formaldehyde upon this eoumarin derivative. The 
substance was easily obtained in the pure condition by adding the 
calculated quantity of 40 per cent, aqueous formaldehyde to a 
solution of the naphthacoumarin in alcohol. The mixture avaa 
then set aside in a stoppered flask, when the desired substance 
was gradually precipitated in the crystalline state. The msteriil 
was collected and the adlierent components were removed by 
boiling alcohol (Found : C = 61 -3 ; H = 3-0 ; S = 14-3. CjjHuOjSj 
requires C = 61-57; H = 2-69; S = 14-3 per cent.). The sub- 
stance is insoluble in water and most organic media ; it dissolves 
in hot nitrobenzene, from which it separates in small, yellow needles, 
these melt and decompose at about 300°. 


Armstrong College, 
Newcastle-on-Tyne. 


King’s College, 
London. 

\Recc\ved, October 1921 ,] 


CCVIII.— 4 iVTew Method for the Resolution of 
AsyrrMetric Compounds. 

By Akira Shimomoba and Julius Berknd Cohen. 

The production of optically active substances in the living organism 
is attributed in certain eases to their synthesis in 
active protein or other active constituent of the body, 
the case, a substance which is already asymmetric m strucwr 
would probably yield an active product, that is, a - 

one of the active constituents of the mixture, if the asym 
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roup to undergo substitution in combination with active 
aateriaj. Such a process would represent, in the usual acceptation 
f the term, a modified form of asymmetric synthesis ; but as the 
riginal molecule, although inactive, has an asymmetric structure, 
.e prefer to call it a new method for the resolution of asymmetric 
impounds. Thus, supposing an inactive mixture 0{abcd] be 
)mbined with an active group, and under such asymmetric con- 
itions d be replaced by e, yielding C{abce), then, according to the 
bove principle, the latter compound, when separated from the 
;tive group, should exhibit, in a greater or less degree, optical 
itivity. 

It was with the object of testing the accuracy of this principle 
lat the present research was initiated. The choice of a simple 
)mbination between an asymmetric group and an active substance 
ppeared to be limited to the esters of an a.symmetric acid with 
] active alcohol, or to an amide of a similar acid with an active 
nine. In the first instance, preference was given to the amide 
mbination, as such substances can, as a rule, be hydrolysed by 
lids without racemisation, whereas hydrolysis of an ester by 
halls may produce inactivity unless great care is exercised. A 
irious observation was made in the case of certain amides of 
lenthylamine and bornylamine, which were so stable as to resist 
11 attempts at hydrolysis by acids. 

The following typical series of substitutions were examined : 


CI.B1 --V NHj; Cl.Br — ■> OH; OH 
(I.) (II.) 


PCI, 

(III.) 


Cl;NHj— i OH. 
(IV.) 


The results showed that in the case of I and 11, either racemisa- 
ion occurred or the substance was unchanged, but both TII and IV 
ieldcd active products. 

It is possible that in the first two cases, in which acid radicles 
ontaining the group "CHX'CO- (X — Cl,Br) were employed, 
form of tautomerism might take place, causing racemisation 
hus: 




-CO 


— > 
< — 


-c— X 

II 

-c— OH 


We therefore propose to repeat these experiments, using com- 

•wnds in which hydrogen is not attached to the asymmetric 

Arboa. 

ThefoUowii^ is a summary of the results ; The action of ammonia 
■■ water with the addition of silver oxide or sodium carbonate on 
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l-menthyl dl-phenylchloroacetate, and of ammonia on !-menthyl 
phenylbromoaoetatc and 1-menthyl dl-ot-bromo-p-phenylpropionatf 
gave negative results. A si mil ar result was obtained when ammonia 
was allowed to react with a-bromopropionyl-l-tyrosme. Neithei 
phenylehloroaoeto-d-bornylaniide nor the i-menthylamide was 
found suitable for conversion into the amino-compounds. 

By the action of thionyl chloride and phosphorus pentachloride 
on i-menthyl cH-mandelate and subsequent removal of menthol 
active phenylehloroacetic acid was obtained, the product in ftp 
first case giving a rotation of [a]lf — 10°, and in the second [i]; 
- 8 - 1 °. 

When dZ-phenylchloroaeetyl-f-tyu'Osine was heated with strong 
ammonia, and the amino-compound treated with nitrous acid and 
finally the 1-tyrosine removed, the mandelic acid, thus obtained, 
showed a rotation of [a] ® -f- 11-5° in alcoholic solution. 

Although the number of positive results are few, they are sufScient 
to establish the accuracy of the principle, which we hope to extend 
in a subsequent paper. 


Expbkimbntal. 

Preparation of \-MetUhyl dl-PhenylchloroaceJate, 

CsHs-CHCl-COa-CioHis. 

A molecular mixture of 1-menthol and rfl-phcnylchloroacetyl 
chloride was heated at 110° for two and a half hours and then at 
150° for one hour. The product was extracted with ether. After 
the ethereal extract had been washed with water and a dilute 
solution of sodium carbonate, it was dried over sodium sulphate 
and the ether driven off. The remaining oil was fractionated 
under diminished pressure and the portion which distilled at 
222°/26 mm. (or 220°/22 mm., 210°/18 mm.) collected; 82 per 
cent, of the theoretical yield was obtained in a favourable case 
(Found : Cl = 11-66. CisH^^OjCI requires Cl - H-49 per cent.). 
l-Menthyl dl-phenylchloroacetate, when freshly distilled, is an 
almost colourless, strong’y refracting, viscous oil, having iu I’O'O 
and [a]lf- 68-55° (oc = - 22-15°, I = U-302). 

The oil subsequently solidified to a crystaUine mass, melting at 
30 — 41°, after having been kept at the ordinary temperature for 
eight days. It was easily soluble in alcohol, other, or light petro 
eum, but insoluble in water. 

Partial resolution of the compound into diastereoisomerides v 
fractional crystallisation seems to be possible (Wren and Wng - 
this vol., p. 798). By repeated reorystallisation from alcoho , an 
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having m. ?■ 34-40° and [njlf - 92-25° (c = 2, i = 2) in 
alcoioK® solution, was obtained, which' on hydrolysis gave a slightly 
lajvorolatory phenylchloroacelic acid. 

in attempt to replace the halogen atora of meuthyl phenyl- 
chloroacetate by the hydroxyl group by the action of cold or hot 
iviter, silver oxide, or sodium carbonate was unsuccessful owing 
to the great stability of the ester towards these agents. 


dcliwt of Ammonia on l-Menthyl dl-PhenylcUaroacdaU.. 

Ordinary concentrated ammonia has little action on the com- 
pomd either at the ordinary temperature or at 100°. The replace- 
ment of the chlorine atom by the amino-group was effected to 
some extent by dissolving the compound in concentrated alcoholic 
ammonia and maintaining the mixture first at the ordinary tem- 
perature for several days and then at 90—100° for about three 
hours. By the above treatment, in addition to the amino-ester 
which was formed, a small quantity of the ester wa.s hydrolysed 
at the same time, menthol being eliminated. 

Four grams of i-menthyl dl-phenylchloroacetate (b. p, 222°/ 
2,5 mui.) and 50 o.o. of concentrated alcoholic ammom'a were placed 
in a tubs, which was then sealed and kept at the ordinary tem- 
perature for two days and finally heated at 90—100° for about 
three hours. The product was carefully evaporated on the water- 
hath, the residue shaken with ether, dilute hydrochloric acid 
added, and the mixture again well shaken, whereby the hydro- 
'Horide of menthyl phenylamiiioacetate was thrown down as a 
thite, fioccnlenfc precipitate, which was almost insoluble in cold, 
rat fairly soluble in hot water, from which it crystallised in fine, 
ratoiu'lesa needles, melting and decomposing at 249°. 

lie free amino-ester was obtained by adding ammonia to the 
lot aqueous solution of the hydrochloride and extracting the 
leparated oil with ether, After being kept over-night in an iee- 
ihest, it solidified gradually to a crystalline mass, which, when 
pressed on a porous plate and recrystallised from alcohol, wa.s 
ibtained in .silky needles of m. p. 35° (h'ound : Jf = 5-09. 

requires N — 4-94 per cent.). It was soluble in the 
srdiaiiry organic solvents and showed [n]!'; — 147-3° (c ^ 0-930, 
1 = 2) in alcoholic solution, 

Menthyl phenylaminoaoetate (m. p. 54— 5o°) could also be 
sWiied directly, in a very poor yield, by passing, from time to 
time, dry hydrogen chloride through a molten mass of phenyl- 
iimnoacetio acid in an excess of menthol, which was heated on a 
rater-bath for about eight hours. 
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In order to hydrolyse menthyl phenylaminoacetate, the co®. 
pound was dissolved in a slight excess of alcoholic potassim^ 
hydroxide (1 c.o. contains 0-016 gram of potassium hydroadj. 
and kept at the ordinary temperature for five days. The alcohol 
was evaporated at the ordinary temperature and the residue 
extracted with warm dilute hydrochloric acid. The filtered acid 
solution was extracted with ether and then distilled with steeo 
in order to remove any trace of menthol. It was then aade 
slightly alkaUne with ammonia, whereby phenylaminoacetic add 
was precipitated, which was thoroughly washed with ether to 
remove any unchanged amino-ester. The phenylaminoacetic acid, 
thus recovered, melted toward 266“^, subhming mostly below that 
temperature, and showed no appreciable optical activity in dilutf 
hydrochloric acid. 


Preparation of \-Menthyl il-PhenyUiromoacelate, 

CeHs-CHBr-COj-CioHjs. 

A molecular mixture of ?-menthol and di-^henylbroraoacetyl 
bromide was heated at 100—110° for two hours and then at 150' 
for half an hour. The product was purified as in the case of ths 
chlorine compound. The oil, which distilled at 220 — 225°/20 mm,, 
solidified to a crystalline mass when kept over-night in the icc. 
chest. The yield was about 50 per cent, of the theoretical. By 
repeated recrystaUisation from alcohol, the ester was obtained in 
colourless needles of m. p. 84°, showing [«]p -1- 2-2° (c = OhS, 
1 = 2) in alcoholic solution {Found : Br = 22-34. C^gHgjOjBr 
requires Br = 22-63 per cent.). The small dextrorotation ol tie 
recrystallised product is probably due to partial resolution of tb 
acid radicle. The ester, on hydrolysis, gave a menthol shoving 
about — 57° in alcoholic solution. 


Action, of Ammonia an l-MerUhyl dX-PUnylbramooKUik. 

Two grams of the bromine compound (b. p. 220 — 225°/20 mml 
were dissolved in 25 c.c. of concentrated alcoholic ammonia and 
kept at the ordinary temperature for sixteen days and then My 
heated at 80—90° for three hours. The hydrochloride of menthyl 
phenylaminoacetate (Found : Cl = 11-3. CijHjsOjNCl requires 
Cl = 10-9 per cent.) melted and decomposed at 245°. The ““ 
amino-ester melted at about 55°. 

The phenylaminoacetic acid, recovered by hydrolysing the es r 
with alcoholic potassium hydroxide, was quite inactive m “ ' 
hydrochlor'c acid. 
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Preparation of \-Me.rdhyl ^-ri-Broim-^-fUnylpropionale, 

CjHs-CHj-CHBr-COj-CijHi,. 

A molecular mixture of dl-a-bromo-P-phenylpropionyl chloride 
and 1-menthol was heated at 100" for two and a half hours and 
then at 160° for half an hour. The portion which distilled at 
a2”/15 mm, was coUeoted. The yield was about 76 per cent 
oi the theoretical. When the oil was kept at the ordinary temper- 
ature for a week, it began to solidify in colourless prisms melting 
at 46 51 ■ It was obtained in colourless needles of in, p. 50 51 ° 

by recrystallisation from alcohol (Pound : Br = 21-79 C H 0 Br 

requires Br = 21-76 per cent.). It showed [«])f - 43-8° 2 

i = 2) in alcoholic solution, ’ 

This compound seems to undergo partial resolution by fractional 
crystallisation from alcohol, for the compound after crystallisation 
gave a slightly lavorotatory acid on hydrolysis, whilst that before 
crystallisation gave an inactive acid by the same treatment. 

The compound was acted on by concentrated aloohoUc ammonia, 
Ihe mixture being kept at the ordinary temperature for seven days" 
md the product was subsequently hydrolysed in the usual way! 
The amino-acid recovered showed no appreciable activity, 


Aaim of Thionyl Chloride on l-Menthyl dd-Mandehte. 

1-Menthyl dl-mandelate was prepared according to the method 
3f xMcKenric (T., 1904. 85 , 383), The compound, unlike some 
rompounds of other esters of a similar type, did not undergo any 
partial resolution by repeated recrystallisation (McKenzie, loo. oit.), 
:or the mandelic acid recovered by hydrolysis was quite inactive. 

ihrec grams of 1-menthyl ifl-mandelate and 8 grams of thionyl 
ihkride were heated under rehux on a water-bath for two hours. 
Mter the excess of the thionyl chloride had been expelled under 
hmiushed pressure, the residue was extracted with ether, and the 
ittffleal extract was washed with a dilute solution of sodium 
-arbonate and dried over sodium sulphate. By evaporating the 
■ther, a pale yellow oil was obtained. 

In order to hydrolyse the product of chlorination, it was kept 
)f alcohllir^'^^f teinperature for seven days with a slight excess 
■vaooraM After the alcohol had been 

iistLtl, u "‘’‘"“‘■y temperature, the residue was made 
rom ""‘ft sodium carbonate solution and filtered 

ster matter (chiefly menthol), and any unchanged 

'ie soIutinu'^“'‘ menthol was removed by extraction with ether, 
was then made acid with hydrochloric acid, whereby 
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phenylohloroaoetie acid separated in an oily state. The whole 
was evaporated down on the water-bath to drive off any trace 
of menthol. The phenylchloroacetic aoid, after being extracted with 
ether, showed in alcoholic solution [a]lf — 10° (c = 4-65 , 1 = 2), 

Action of Phosphorus Pentachloride on l-Menthyl i\-Mandelate. 

Five grams of 1-menthyl dl-mandclate and 10 grams o{ phos. 
phorus pentachloride were heated on the water-bath for five hours 
and then at 135—140° for one hour. The phosphoryl chloride 
formed was decomposed by the addition of ice, and the whole was 
e-xtracted with ether. The ethereal solution, after being dried, 
gave a certain amount of pale yellow oil. The product of chlorina. 
tion was hydrolysed as described above, and the phcnykhloro. 
acetic acid recovered showed in alcoholic solution [a]d — 81' 
(c = 3-274. I = 2). 

Certain bornylainine and menthylamine derivatives of halogen, 
ated acids containing an asymmetric carbon atom w-ere prepared, 
but owing to their striking stability towards hydrolysing agents 
and to the difficulty in the preparation of their corresponding 
amino-derivatives, these compounds were found unsuitable for oui 
purpose. 

a-Eromopropiono-d-bornyhmide, CjoHj,‘NH-CO’GHBr‘OfIj, 

Three grams of d-bornylamine hydrochloride -were dissolved in 
30 o.c. of chloroform and the free base was liberated by the addition 
of 10 c.c. of 2i’-sodium loydro-xide. One haU of a solution con. 
taining 4 grams of a-bromopropionyl bromide in 20 o.o. of chloro- 
form was added to the cold solution of bornylaminc, and the 
mixture was well shaken, the temperature being kept below O' 
throughout the reaction. The remaining half of the acid bromide 
solution was then added, the reaction being kept always shghtly 
alkaline by the occasional addition of sodium carbonate solution. 
When the reaction wa- complete, the chloroform layer was separ^ 
ated, and after being dried over sodium sulphate was evaporated 
as far as possible, and crude Ot-bromopropiono-d-bornylamide i* 
precipitated by the addition of Ught petroleum. After repeatei 
recrystallisation from dilute alcohol, it was obtained in line, co o'a 
less needles, m. p. 144°, [a]V; - 29-.5° (c = 1, 1 = 2) in alco io.ie 
solution (Found : Br = 28-06. CuH^^ONBr requires Br ^ 
per cent.). It was soluble in alcohol, ether, chloroform, or acetone, 
difficultly soluble in boiling water, but insoluble in cold water o 
light petroleum . 
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pknulMorometo-d-bornylamidc, CioHij-NH-CO-CHCl-CjH 

Ttis amide was prepared in the same way as the above compound 
By repeated recrystallisation from alcohol, two compounds one 
haring m. p. 193° and the other m. p. 135°, were obtained ' The 
former showed [a]!?- - ST-O” (c = 1. f = 2) in alcoholic solution 
(found : Cl - 11-42. CuH^^ONCl requires Cl 11 .60 per cent ) 
(Vhilst the latter showed + 2“ (c = 1 , 1 2) in the same 

solvent (Found ; Cl = 11-80. CisH^jONCl requires Cl = 11-60 per 
cent.). 


Henylchlor(metoA-menihylam{de, H 

In this case also two compounds were obtained, one having 
,a. p. 174-175° and the other m. p. 113°, by repeated recrystah 
lisation from alcohol. The former showed [a])'; _ 113 » (<; ~ q.j 
1 = 2) in alcoholic solution (Found; Cl -- 11-30, c H OXcl 
requires Cl = 11-52 per cent.), whilst the latter showed 
(c=^0-5i 1 = 2) in the same solvent (Found: Cl = 11 -44 
CijHjjONCl requires Cl = 11-02 per cent.). 

The existence of two isomerides of the bomylamine and menthyl- 
amine derivatives is probably due to resolution of the acid radicle' 
hut as the amides resisted hydrolysis by acids, the point could not 
be ascertained. 


Preparation of 61-%-Bromopropionyl.Uyrosine 
0H-CjH,-CH2-CH(C02H)-MH-C0-CHBr-GH3. 

FoUowing Fischer’s method for preparing chloroacetyW-tyiosino 
IBer., 1904, 37, 2486), a satisfactory yield of ot-bromopropionyW- 
ijTosme ethyl ester was obtained by treating l-tyrosine ethyl ester 
y roehtodo having [a]lf -8-3° (c = 2, 1 = 2) in aqueous 
solution, with a-bromopropionyl bromide in an alkaline medium 
at a temperature below 0°, using chloroform as a solvent. 

^■Bromopropionyl.Uyrosine ethyl ester melted towards 131 ° after 
tarag been twice precipitated from chloroform solution b’v the 
a thbon of light petroleum (Found : Br = 23-46 C, H 6 \Br 

“ iasoK'S 

“In ’ Petroleum, It gave jnu;n-B 

reaction and showed W!f + 12-,5° (r .= 2. f = 2) in alcoholic 

°>'‘ained in an oUy state 

loilde solution of sodium 

at the ordinary temperature, and was found to be 
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identical with that which was prepared directly by the action oi 
a-bromopropionyl bromide on Z-tyrosine. The compounds obtaine 4 
by both methods have much higher dextrorotatory power than the 
ethyl ester showing specific rotation between 30° and 40°. 

Action of Ammonia on Al-a-Bromopropionyl-\-tyrosine, 

Three grams of a-bromopropionyl-Z-tyrosine were dissolved in 
20 o.c. of concentrated aqueous ammonia and heated in a sealed 
tube in a water-bath for five hours. When the contents were 
evaporated, a syrupy mass was obtained, which, without further 
purification, was directly hydrolysed by boiling with concentrated 
hydrochloric acid. After the tyrosine had been removed, the 
solution, which should contain alanine, was examined polari- 
metrically, but showed no appreciable activity. 

Preparation of di-PhenylcMoroacetyl-\4yrosine, 
0H-CjH,-CH2-CH(C02H)-NH-C0-CHC1-C6H5. 

The direct synthesis of phenylchloroacetyl-Z-tyrosine by the 
action of phenylchloroacetyl chloride on Z-tyrosine was not successtuL 
Its ethyl eater was therefore prepared in the same way as given 
above, and by subsequent hydrolysis, the free acid was obtained. 

Phenylchloroacetyl-Z-tyrosine ethyl ester was prepared in a 
moderate yield, in colourless needles (from alcohol) melting at 
140 — 141° (Found : Cl = 9-87. Ci 5 H 2 ( 04 NCl requires Cl = 9 ' 8(1 
per cent.). It gave Millon’s reaction and showed [a]),*’ -|-24' 
(c = 1-5, Z = 2) in aloohoUc solution. It was almost insoluble in 
hot or cold water or light petroleum, but soluble in the other 
ordinary organic solvents. 

Free phenylchloroacetyl-Z-tyrosine was obtained by hydrolysing 
the ethyl ester with a dilute solution of sodium hydroxide at the 
ordinary temperature. It was obtained in small needles, melting 
towards 12o° (Found: Cl = 10-20. CjjHjgOjNCl requires Cl = 
10-63 per cent.). 

It was moderately soluble in hot water, from which it separated 
in an amorphous state o:i cooling. It gave MUon’s reaction. 

Action of Ammonia on dl-PhenyhMoroacelyl-l-tyrosine. 

Two grams of the substance were dissolved in 20 o.c. of strong 
aqueous ammonia and warmed in a sealed tube at 80 — 90° for three 
hours. The product of amination, when carefully evaporated, 
gave a syrupy mass, which was used for the next experiment 
without further purification. 
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iciioJi of Nitroms Acid on Phenylaminoacetyl-l-tyrosine. 

jjje substance was dissolved in dilute hydrochloric acid and 

oled to 0°, and the calculated quantity of sodium nitrite was 
hen added and the mixture well stirred. The reaction was com- 
ileted by warming on the water-bath for some time. 

‘ jhe product was then mixed with concentrated hydrochloric 
jcid and boiled for two and a half hours under reflux in order to 
h-drolvse'i* completely. After the intensely coloured solution 
hid been treated with animal charcoal, it was neutralised with 
mmonia, whereby tyrosine was precipitated in white, micro- 
leedles, showing in l-22A'-hydroehloricacid[a]g’ — 8-2° (c = 0-669, 

! = 2 ). 

The filtrate was made distinctly acid by the addition of hydro- 
chloric acid and extracted with ether. The ethereal solution, 
shoving a slight dextrorotatory power, after having been dried 
over sodium sulphate, was shaken with a dilute solution of sodium 
hydroxide. The aqueous alkaline solution was again made acid 
bv the addition of hydrochloric acid and finally extracted with 
ether. The dried ethereal extract, on evaporation, gave a small 
quantity of mandelic acid (melting towards 110°), which showed 
[ij; -h 11-5° (c = 0-13, i = 2) in alcoholic solution. 

TuE Okgasio Chemical Laboratories, 

The TJyiVERSiTY, Leeds. [Received, September 1921.] 


CCIX . — Derivatives of Tetrahydrocarhazole. 

iy Wn.i.UM Henry Perkin, jun., and Sydney Glenn Preston 
Plant. 


-MEREST attaches to the reduction products of carbazole and 
Particularly to tetrahydrocarhazole (I), in the first place because 
t is probable that strychnine is a derivative of the latter substance 
(compare Perkin and Robinson, T., 1910, 97, 315), and secondly 
because tetrahydrocarhazole is structurally somewhat closely 
related to tetrahydroharmine (II) (T,, 1919, 115, 938). 


A- 


Ha 

./\h 

I 


NH Hj 
(I-) 


H, 


-/Sh, 


/\ 

I I I IjqJj 

NH HMe 
(II.) 


NH Ha 
(HI.) 
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The reduction of carbazole, CiaHgN, was first investigated bv 
Graebe and Glaser [Anveden, 1872, 163 , 352), who showed that, 
when heated with hydriodic acid and phosphorus at 220—240-, 
it attaches six atoms of hydrogen yielding carbazoline, Cijllj-J; 
which is now known to have the constitution (III). 

These investigators also show'ed that carbazoline hydrochloride h 
decomposed on distillation into hydrogen, hydrogen chloride, and 
tetrahydrooarhazole (m. p. 120 °) : 

CijHijN.HCl = + HCl + C 12 H 13 N. 

In 1888, Drechsel (J. pr. Chem., 1888, [ii], 38 , 65) submitted 
phenol to electrolysis with an alternating current and isolated a 
substance, CeHmO (b. p. 153—178°), which he named hydropkw. 
ketone. Drechsel combined this substance with phcnyltiydrazinf 
and treated the product with dilute sulphuric acid, when he obtainod 
a substance, C^HisN (m. p. 108°), which he. named hydrophnanilik. 
He recognised the fact that this substance had the same com. 
position as Graebe and Glaser's tetrahydrocarbazole, but com 
eluded that the. substances were not identical because of the differentf 


in their melting points. 

Baeyer {Be.r., 1889, 22, 2185; .4««a/c«, 1894, 278, 105) was tip 
first to point out that Drechsel’s hydrophenokelone is identical 
with eyefohexanone and that hydrophenanilide, in spite of its rattier 
low melting point, is tetrahydrocarbazole. He also pointed oat 
that the conversion of the phenylhydrazone of cyctohexanone info 
tetrahydrocarbazole is an example of the Fi.soher indole syntifa 
and that the change is to be represented thus : 


CH 3 

CHj CHj 
CH3 CiN-NH-CeHj 
\/ 


-NH,= CH3 

CH, 


CKj 

/\ 


CH 

/\ 

-C CH 


C— NH— C CH 


\/ 


\/ 

CH 


CHj CHj 

It is somewhat remarkable that this interesting substance has bofn 
so little investigated ; almost aU that is known about its dcrivatw 
is due to the work of Borsche, Witte, and Bothe {Annakn, 190t. 
359 63) These investigators were unsuccessful in their attcap ' 
to nitrate tetrahydrocarbazole (foe. ciL, p. 60) and prepared 8 -mtro. 
and 6 -nitro-tetrahydrocarbazoles,* m. p. 149° and 174 respcc ney 

• The scheme of numbering the positions in tetrahydrocarbazole emploi" 


in thi? commimication is 
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from III® condensation products of eydo\ie.xa,noae with o- and 

jjjjPQphenylhydrazine. In the case of the condensation product 
of M-tiitrophenylbydrazine with cycibhexanone they assume that 
^Jijjjjitrotetrahydrocarbazole (m, p. 154°) jiroduced by the action of 
flilute sulphuric acid is the 7-nitro-derivative, although it might well 
be, the 5 -nitro-derivative. This question of constitution is discussed 
in detail below. 

The work described in the present communication may be briefly 
summarised as follows. We find, in the first place, that the phenyl- 
hvdrazono of cyclohexanone is converted almost quantitatively 
into tetrahydrooarbazole simply by boiling with glacial acetic 
acid, and in this and other similar cases the product is much cleaner 
than that obtained by the usual process, namely, boiling the phenyl- 
hydrazoncs with dilute sulphuric acid. The 9-acetyl derivative of 
tctrahydrocarhazole (IV, m. p. 78°), is readily obtained either 
by boiling cyctohexanoneacetylphenylhydrazone with dilute sul- 



(IV.) 


or directly from tctrahydrocarhazole by boiling with acetic an- 
hydride or with acetyl chloride in the presence of copper powder 
at the ordinary temperature. 


Contrary to the experience of Borsche, Witte, and Bothe (foe. 
ciL, p. 60), we-find that it is po.s.sible to nitrate tctrahydrocarhazole 
direct if the solution in sulphuric acid is treated with potassium 
lilratc at - .5°. The sole product is fi-nitrotetrahydrocarhazole 
irelling at 174°, since it is identical witli tlie substance which 
psults from the action of dilute acids on cyciohexanoiie-p-nitro- 
rhenylhydrazone. Additional evidence in support of this view of 
is constitution was obtained in the following way. 

The nitro-dcrivative, on reduction, yields 6-amiiiolelrahydro- 
irba-ole, which melts at 152“ and yields an acetyl derivative 
nelting at 208°, and these substances have been synthesised by 
die following steps. ^-AcdylaminoplKjiylhydrazim, 

prepared from p-aminoacetanilidc by diazotisation and reduction, 
-oodfiises readily with cyciohexanone, yielding cyc\ohemnom-f- 
^^^-‘t/aminophenylhydrazom (ra. p. 1G6°), and this sub.stance, when 
igcsted with glacial acetic acid, is converted into G-acetylamino- 
’drahydrocarbazole (m. p. 208°), which was found to he identical 
VOL. CXIX. 3 B 
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with the derivative of this composition obtained from the produjt 
of the nitration of totrahydrocarbazole. On hydrolysis, it 
6-aminofetrahydrocarbazole melting at 152“. 

Unexpected results were obtained in a series of experime^jj 
on the nitration of 9-acetyltetrahydrocarbazole (IV) in acetic acid 
solution. The product of nitration is a single aeelylnitrotelmhyi,^ 
carbazole which melts at 174“ and, on hydrolysis, yields a new 
nilroletrahydrocarbawle, melting at 172“. It was at first tliongtt 
that the latter was identical with the 6-nitro-derivative (m. p, I74:j 
but this was shown not to be the case, (i) by a mixed melting point 
determination, and (ii) by preparing the acetyl derivative of 
tetmhydrocarbazoh, which was found to melt at 244“ instead of 174= 

It is certainly remarkable that the action of nitric acid on the 
acetyl derivative should lead to the introduction of the nitro-gronp 
into a different position from that which it takes up when tetri- 
hydrocarbazole itself is nitrated. With regard to the constitution 
of the acetyl derivative of the new nitrotctrahydrocarbazok, two 
formula: only are possible for reasons given below, namely, V and VI, 


NO,' 


H, 


I I 


Jill 


^ Ha 
CO-CTIj 
(V) 



(VI.) 


The question has an important bearing on the difficult problem 
of the nature of the nitrotetrahydrocarbazolc which is formed from 
cyclohexanone-m-nitrophcnylhydrazone by the action of dflnte 
acids. We have repeated the experiments of Borsche, Witte, and 
Bothe (loc. cit., p. 08) and have satisfied ourselves that the action 
of dilute sulphuric acid on this m-nitrophenylhydrazone leads to 
the formation of a single nitrotetrahydrocarbazole (m. p. lol'l 
and not to a mixture of isomcrides. The above-named investi- 
gators assign the 7-nitro-structure to this substance, and we are 
-inclined to agree with their view that it is I -jiitroietrahyiromrhidt. 

It is, of course, conceivable that the m-nitrophenylbydrazone 
might yield 5-iiitrotetrahydrocarbazole, but this, in our view, is 
probably the constitution of the isomeridc which results from the 
nitration of l)-acetyltetrahydrocarbazole. Unfortunately, the es- 
perimental data available at the present time arc not sufficient to 
allow of a decision as to the actual formula either of the product 
of the nitration of 9-acetyltctrahydrooarbazole or of the uitm- 

derivative formed from cycfohexanone-m-nitrophenylhydrazone by 

the action of dilute sulphuric acid. 
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til® unexpected results which have been obtained in the 
litratioE of 9-acetyltctrahydrocarbazole, it was thought that it 
rould be interesting to investigate the nitration of a derivative 
if tetrahydrooarbazole containing a different rarlicle attached to 
he nitrogen atom, and for this purpose, Q-mclIiyUetrahydrocarb- 
role {VII) was selected. 


Ha 

\ 

I, I ]h 


I I 15^ 


(VIT.) 


(VIII.) 


[his substance, which appears to be new, was obtained by com- 
lining os-phenylmethylhydrazine, Cgll-'NMe-XHj, with ajclo- 
lexanone and then digesting the resulting cyahhexanonephenyl- 
netlijlliydrazom with dilute sulphuric acid. Q-Melhyhetrahydro- 
■arhazde melts at 50° and, on nitration, readily yields 6-nitro-9- 
Mthyltetrahydrooarbazole (Vlll, m. p. 192°). That the nitro- 
jTOup in this substance occupies the C-position was proved in the 
iollowing way. On reduction, it yields O-amino-ii-melhyUetra- 
tijimarbazole (m. p. 105°), the acetyl derivative of which melts 
it 238°. In order to synthesise this substance, p-aminomethyl- 
aniline was acetylated and the p-acdylaminomelhylamline converted 
into p-aceltjlamiiionilrosomelhjlmnUne, CiHj-CO-XH'CcHj-NMe'XO, 
by means of nitrous acid. This, on reduction with zinc dust 
and acetic acid, yielded ji-ncdylamiitojthfnylmelhylhydrazine, 
CHj'CO-NH’CsHj’NMe-NHj, which combineil readily with cyclo- 


hexanone. 

The eydohexanoKe-p-acetylaminophenyhntlhylhydmzoM was then 
boiled with glacial acetic acid, when it yielded G-acetylamino-Q- 
mthjiltetrahydrocarhazole, which melted at 2.38° and proved to be 
identical with the substance of this composition ohiained from the 
iirect nitration of 9-methyltetrahydrocarbazolc in the way described 
ibove. 

huiiiig the course of these experiments, we were anxious to 
sciirtain whether the presence of substituent.s in the 2- and 5- 
lositions in phenylhydrazine would, by steric hindrance, prevent 
is Fischer indole synthesis from taking place, and we selected for 
ixperiment, 2-cUoro-5-nilrophenylhydrazine (IX). 



3r2 
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This substance, which docs not appear to ha,ve been described, 
was made as follows. o-Chloroaniline, on nitration m concentratoi 
sulphuric acid solution, yields 2-chloro-5-nitroaiiiline which, wiej 
diazotiaed and reduced with stannous chloride, is converted mie 
2-ohloro-5-nitrophenylhydrazinc (m. p. 160°). This combinei 
readily with cyclohexanone, and the resulting eyehhemnone. 
2 -cTiloro- 5 -nitrofihe.nylhydrazone (m. p. 78°) reacts readily with hot 

dilute sulphuric acid, yielding ^-cUoro-n-nilroldralydroaiTbaxit 

(X), w^hich crystallises in orange prism.5 melting at 2U°. This 
rather unexpected result shows that the occupation of the 2- and.;, 
positions in phenylhydrazine does not inhibit tetrahydrocarbazole 
formation. 

The now carbazole derivatives which have been synthesised dnrinj 
the course of this investigation from cyclohexanone are in all cases 
derivatives of tetrahydrocarbazolo, and it seemed desirable to 
endeavour to discover some process of oxidation which would 
remove the additional hydrogen atoms and yield the correspondins 
derivatives of carbazole. The information thus obtained would 
also he valuable in deciding the constitution of some into, 
and other derivatives of carbazole as to which there is still some 


Borsche Witte, and Bothe (Annalen, 1908, 359 , 75) heated 
tetrahYdrooarbazolc and sei cral of its methyl derivatives with lead 
oxide at a high temperature and obtained small yields of carbazole 
and the corresponding methyl derivatives, but such a process is 
obviously inapplicable to the nitro- or halogcno-derivativea o 
tetrahydrocarhazole. During the investigation of harmme and 
harmaline, Berkin and Robinson (T., 1919, 115 , 961) showed hit 
tetrahydroharmine, is converted into hamalme, 

C when it is oxidised wuth permanganate. \\e were 

nnsucJessfnl when we attempted to obtain dihydrocarhazole c, 
carbazole from tetrahydrocarhazole by a similar ■ 

oxidising agent which has proved valuable in cases of this kind 
meronri! acetate, thus, for example, tetrahydroepAerbenne 
readily oxidised to cFberbcrine by this reagent with the 
four aims of hydrogen (Perkin. T.. 1918 113 515). On 
ing the behaviour of tetrahydrocarhazole and 9-methy ) 
carbazole towards mercuric acetate, wc fmd ttiat ox^ationjaki 
place readily with the formation of carbazole 
although the yields at present are not good. There e ndicatio. 
that this process may also be successfully applied 
halogcno- and nitro-derivatives of tetrahydrocarhazole, antt 
point is being investigated. 
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Experimental. 

Telrahydrocarhazde, CjjHjjN (I). 

In preparing this substance, Borsche (Annalen, 1908, 359, 60) 
■ombinfs cyclohexanone with phenylhydrazinc and boils the result- 
„(> hvdrazone with dilute sulphuric acid, but the product obtained 
°this way is always impure and pinic-coloured. We find that a 
Hirer product is obtained direct wlien the hydrazone is boiled for a 
ew minutes with five times its weight ot glacial acetic acid, from 
ivhich it separates, on cooling, as a mass of crystals melting at 119°, 
Ihereas Borsche gives 116° as the melting point. 

The picrale separates, when a hot alcoholic solution of tetrahydro- 
"jrbazolo is mixed with alcoholic picric acid, in dark red crystals 
melting at 147°, and recrystallisation from alcohol docs not alter 
this melting point. Padoa and Chiaves (Alii H. Accad. Lined, 
1907, [v], 16, 76o) give the melting pioint of a specimen of the 
pinrate prepared from tetrahydrocarbazole obtained by the reduction 
of catbazolc as 133°, but most probably their tetraliydrocarbazole 
contained some unchanged carbazole. 

D-Acdylletrahydrocarbazole (IV).— The ci/doliexanoneacetyl- 
[ihcnylbydrazone used in the preparation ot this substance was 
obtained by boating cycfohexanonophcnylhydrazone with an equal 
weight of freshly-distilled acetic anhydride on the steam-bath for 
two hours and then distilling under reduced pressure, when the 
acetyl derivative passed over at 210— 220°/14 mm. as a viscous 
liquid which did not crystallise (Found : N — 12-1. 
requires N = 12-2 per cent.). 

When this acetyl-hydrazone wa-s heated with dilute sulphuric 
cid (20 per cent.) for a few minutes, an oil resulted which solidified 
111 cooling. This product was rocry.stalliscd from alcohol, from 
vhich it separated in thick prisms melting at 77°, and this proved 
0 be pure h-acetyllctrahydrocarhazolc. In this particular case it 
vas found rather unexpectedly (hat the clo.sing of the indole ring, 
ly boiling with acetic acid, occurred with some difficulty, and even 
jftcr boiling for an hour some acetyl-hydrazone remained unchanged. 
Ihe same acetyl derivative was obtained by the direct acetylation 
of telrahydrocarbazole under the following conditions ; Tetra- 
lydroearbazole (30 grams) was mixed with glacial acetic acid 
(IjO c.c.) and acetyl chloride (oO c.c.), and after adding a little 
copper powder, the whole was allowed to remain for fourteen days 
m a flask fitted with a calcium chloride, tube. The product was 
decomposed by ice and water, the sticky, dark green solid extracted 
vitli chloroform, the extract dried over calcium chloride, the chloro- 
form removed, and the residue distilled under reduced pressure, 
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■when an almost colourless distillate was obtained which solidijfj 
on cooling. This separated from alcohol in colourless crystal; 
melting at 77“, and proved to be identical with the 9-acetyltettj, 
hydrocarbazole obtained from the acetyl-hydxazone as expljjjjij 
above (Found ; N = 6-5. C; 4 Hi 50 N reipuires N = 6-6 per cent ) 
This acetyl derivative may also be obtained by boiling tetraliyd;;^ 
carbazole -with three times its weight of acetic anhydride for sjj 
hours and then distilling the product. Several attempts were mjjj 
to prepare 9-benzoyltetrahydrocarbazole from tetrahydrocarhazolr 
by the action of benzoyl chloride under varying condition,?, but (jj^ 
lU'oduct was always resinous and could not be purified, Siujilaj 
results were obtained when benzoic anhydride was used. If tju 
solution of tetiahydrocarbazole in glacial acetic acid is boiled nith 
benzoyl chloride in the presence of a little copper powder, and (be 
product distilled, a solid is obtained which after crystallisation melti 
at 77“ and consists of O-acctyltctrahydrocarbazole. 


The Nitration of Tctrahydrocarbazole, 
6-Nilro- and d-Amino-lelrahydrocarbazok. 

It is explained in the introduction (p. 1827) that the nitratioa i 
tctrahydrocarbazole may be directly' accomplislied at low tempera, 
turcs, and the following conditions have been found to wotl; 
well : 

Tetrahydrocarbazole (10 grams), dissolved in concenlratod 
sulphuric acid (70 c.c.), is cooled to — u“ and then the theoretical 
quantity {o-O grams) of powdei'ed potassium nitrate added in smal 
quantities at a time, (he solution being continuously stirred and kept 
below — 3“. The product is poured on to ice, the crude, yellow nitro- 
compound collected, washed thoroughly with water, and dried over 
sulphuric acid. It is then recrystallised from alcohol, from -which it 
separates in small, thick prisms melting at 17d“, and careful com- 
parison showed that this substance is identical with the nitro- 
tctrahydrocarbazole ob. lined by Bor-sehc (Annalen, 1908, 359, S'l 
from cycloliexanonc-p-nitrojihenylhydrazone by warming witli, 
sulphuric acid. 

The 0-Ace/j/l Jjerivalire. -This substance, which w as required foi 
comparison -vvith the acetyl derivative obtained by nitrating acetyl- 
tctrahydrocarbazole (compare p. 1828), was prepared in the following 
manner. C-Nitrotetrahydrocarbazole (o grams) was boiled with 
acetic anhydride (.50 c.c.) for two hours, when, on cooling, 
needles separated, which were recrystaUised from glacial acetic 
acid (Found ; N = 10-8. requires N = 10-8 per ceo*-)' 
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^ j^mro-9-acetylletrahydrocarbazole melts at 244° and is readily 
ivdrolys®^ to 6-nitrotetrahydrocarbazole when it is digested with 
['solution of sodium hydroxide in 50 per cent, aqueous alcohol. 

g.jiainotetrahydrocarbazole. — In order to prepare this substance, 
he nitro-derivative (4 grams) was added to a mixture of iron filings 
iO grams), water (100 e.o.), and hydrochloric acid (3 c.c.) and the 
ahole heated on the steam-bath for an hour with frequent shaking. 
The product was cooled, made alkaline with sodium hydroxide, 
iiid the solid collected and extracted several times with boiling 
sater, when, on cooling, the amino-derivative separated in crystals, 
the yield being about 40 per cent, of the theoretical. 

f,.^iminotetro,hydrocarbazole separates from alcohol or toluene in 
colourless plates and melts at 152° (Found : N = 15-1, 
requires N = 15-0 per cent.). The picrate was prepared by mixing 
the hot alcoholic solution of the amino-derivative (1 gram) with 
picric acid (1-2 grams), when, on cooling, bright red needles separated 
which, after recrystallisation from alcohol, melted at 214’ -with 
decomposition. 

^■Acctylaminotelrahydrocarbazole was prepared by mixing the 
amino-derivative in hot benzene with a slight excess of acetic 
anhydride. The crystalline mass was collected and reerystallised 
from dilute acetic acid, from which it separated in thick, colourless 
prisms melting at 208°. 

i d-Bmzoylaminolelrahydrocarbazole was precipitated when the 
amino-derivative, dissolved in hot benzene, was mixed with benzoyl 
chloride, and separated from alcohol in clusters of short prisms 
melting at 207° (Found : N = 9-6. CijHjjONj requires N = 9’7 
per cent,). 

Synlhesia of 6-Acetylaminotctruhydrocarhazole. — For the purpose 
of this synthesis, p-aoetylaminophenylhydrazine hydrochloride was 
prepared from p-aminoacetanilide by reduction with stannous 
chloride in the usual manner (Riedel, D.K.-P. 80843) and was 
employed aa such because the free base is difficult to obtain pure 
ind rapidly decomposes on standing in the air. Sodium (5 grams) 
fesolved in alcohol (80 c.c.) was mixed with eyefohexanone (6-5 
pams) and the hydrazine hydrochloride from 10 grams of p-amino- 
icetanilide added, when there was considerable rise of tcmjierature. 
the whole was warmed on the steam-bath tor a few minutes, mixed 
>ith water, the precipitate collected and reerystallised from alcohol, 
rom which it separated in needles melting at 1C5 — 166°, and 
'bis substance, which decomposed gradually on keeping, is 
yclofeaiioue-p-ocefylaminopAenyfAydrozofte (Found : N = 17-1. 
'nHyONj requires N = 17-1 per cent.). When an attempt was 
uude to convert this substance into the corresponding indole 
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derivative by the action of sulphuric or hydrochloric acid, siiauj 
taneous elimination of the acetyl group took place. 

It was, however, found that glacial acetic acid leads directly 
easily to 6-acetylaminotetrahydrocarbazole. The hydrazone wj. 
simply heated with glacial acetic acid almost to the boiling point 
the flame was then removed, when the formation of the indole rin ' 
took place so energetically that the acid boiled for some time 
On the addition of a little water, 6-acelylaminotetrahtjdrocarlazolt 
separated from the dilute acetic acid in short, colourless phsm 
melting at 208° (Found : N = 12'5. CjJIigONj requires Js = pxj 
per cent.). The free amino-derivative was obtained by boilinj 
the acetyl derivative with concentrated hydrochloric acid for fa 
minutes, during which time the hydrochloride separated as % 
gelatinous precipitate. The whole W'as mixed with ice, made 
alkaline with ammonia, and the amino-derivative collected, washed 
dried, and recrystallised from alcohol, from which it separated in 
small plates melting at 152°. A careful comparison showed that 
this base (and its acetyl derivative) is identical with 6-amincitctri- 
hydrooarbazole (and its acetyl derivative) prepared from C-nitro. 
tetrahydrocarbazole by reduction in the manner described above. 


Q-Methyltetrahyilrocaiiazole (VTT) and its d-A'ibo- (VIII) and 6. 

Amino-derimth'es. 

9-Methyltetrahydrocarbazole, which does not appear to have 
been described, may be obtained from cyclohexanone and as- 
phenylmethylhydrazinc in the following manner : The plicnvl- 
methylhydrazine (5 grams) is mixed with cyclohexanone (4'1 grami|, 
when there is a considerable rise of temperature and the mixture 
becomes cloudy owing to the separation of water. 

After heating on the steam bath for a few minutes, the hydraiorit 
is converted into the carhazolc by boiling with sulphuric acid 
(20 c.o.) and water (90 c.c.), when an oil separates which crystallises 
on cooling, and on recrystallisation from alcohol 9-niethyltetra- 
hydrooarbazole separates in colourless needles. Alternatively, the 
hydrazone is boiled with glacial acetic acid for a few minutes, when, 
on diluting with water, the carhazolc separates as an oil which 
soon solidifies and is again crystallised from alcohol (found; 

= 7-5, CjjHjjN requires N = 7-6 per cent.). 

d-JIclhyltetrahydrocarbazole melts at 50° and yields a picrate 
which separates from alcohol in dark red needles melting at IIC . 

Q-Nitro-Q-methyltetrahydrocarbazole wa.s obtained in almost quan- 
titative yield by the method used in the case of the preparation 
<of 6-nitrotetrahydrocarbazole, and the crude product was crystalli.'C 
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glacial acetic acid, from which it separated in long, yellow 
melting at 192° (Found: N= 12-2. C, 3 Hi 402 N 2 requires 

= 12-2 per cent.). 

0 ^jiiiiioS-'melhylteirahydrocarba::6le was prepared by reducing 
■lie nitro-derivative with iron and a little hydrochloric acid (com- 
are p 1829), and the product was extracted with boiling water, 
fflicn on cooling, the amino-derivative separated in colourless 
prisins melting at 105°. 

Xhc pkraie crystallises from hot alcohol in orange needles 
and melts at 212° (Found : N — 16*1. Cj3Hj(.N2,C^jH2(0H)(N02)3 
requires N = 16*3 per cent.). 

fi.jicelylaw'o-^-mMhylMrahydrocarbazde is readily obtained by 
adding acetic anhydride to the solution of the amino-compound in 
brnteiie and is purified by crystallisation from acetic acid, from 
which it separates in colourless needles melting at 238° (Found : 
X = 11*6. CisHijONj requires N = 11*6 per cent.). 

Sytilhisis oj Q-Acelylamino-9-melhylteirahydrocarbazoU. — For the 
purpose of this synthesis, p-aminomcthylaniline, lSin 2 *C 5 H 4 *XHMc, 
was prepared by the reduction of p-nitrosomethylaniline with 
sodium sulphide. This was dissolved in benzene aild treated with 
the theoretical amount of acetic anhydride, when there was con- 
siderable rise of temperature and p-acetylaiuinomethylaniline 
separated as an oil. This was extracted and separated from the 
benzene by the calculated quantity of dilute liydrocMoric acid, 
the solution was cooled below 0°, and the required amount of 
sodium nitrite, dissolved in a little water, added gradually 
with continuous stirring. The y-acelyhmiiionitrosomethylaniline, 
CH 3 *CO'SH*C(H 4 *NMe*XO, which separated in rather poor yield 
as a yellow, crystalline mass, was collecfcd, washed with water, 
and rccrystallised from alcohol, from which it separated in almost 
colourless plates and melted at 146° (Found : N = 21*7. CgHjjOjNj 
requires N = 21*8 per cent.). This acetyl derivative (4 gram.s) wa,s 
made into a paste with glacial acclic acid (0 grams) and gradually 
added to water (21 o.c.) and zinc dust (12 grams of 90 per cent.) 
avith continuous stirring, when there was some rise of temperature, 
"hich, however, was kept below 25°. 

.yter remaining over -night, the product was rendered alkaline 
liy the addition of sodium hydroxide, extracted with much ether, 
the ethereal solution dried over potassium carbonate, and evapor- 
ated, when p-(Kelylaminophe,nylmfJhylhydraziiie, 

remained a.s a dark oil. 

Ihis oil was now added to excess of eyefohexanone, and the 
resulting hydrazone boiled with glacial acetic acid (10 grams), 

3r* 
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when the formation of the indole ring proceeded smoothly, 
on the addition of water, G-cKetylamino-Q-melhyUeirahjdrocarhati 
was precipitated. After crystallisation from acetic acid, th 
melted at 238° (Found : N = 11-5. CisHigONa requires N = p. 
per cent.) and was shown to be identical with the substance of tlj 
composition obtained from the product of the nitration of 9-methv] 
tetrahydrocarbazolc (p. 1835) by careful comparison and by 
fact that the mixture of the two preparations melted at 238'. 

5( 'i)-Nitrotdrahydrocarbazole. 

Although tetrahydrocarbazolc and 9-methyltetrahydi'ocarbazoli 
on nitration under the conditions given on pp. 1832 and 1831, gb 
aliuost quantitative yields of the corresponding nitro-derivatiTi 
in which the nitro-group occupies the 6-position, 9-acetyltetri 
hydrooarbazolc behaves quite differently. When nitration vj 
attempted in sulphuric acid solution with potassium nitrate, a 
unsatisfactory product was obtained, from which nothing definii 
could be isolated by recrystallisation from the usual solvents. 

It was, however, ultimately discovered that nitration may 1 
satisfactorily dhrried out in glacial acetic acid solution under tl 
following conditions. 9-Acetyltetrahydrocarbazole (3-6 grams) w 
dissolved in glacial acetic acid (50 c.o.) and then nitric acid (M 
grams of d 1'4) diluted with a little glacial acetic acid graduallv 
added at room temperature. The mixture was allowed to remiii 
over-night, when long, pale yellow prisms separated which wete 
collected and rccrystallised from glacial acetic acid (Found : X = 
10-7. C, 4 Hj 40 jN 2 requires N = 10-8 per cent.). 

5-Niiro-9-acelyUetrahydrocarhazole melts at 174° and is readilj 
hydroly.sed when it is warmed with a solution of sodium hydroxidt 
in 50 per cent, aqueous alcohol. On the addition of water, a yellow, 
crystalline substance, separates which may be crystallised eitliti 
from alcohol or chloroform, from which it separates in long prisms 
(Found: 0 = 66-6; H = 5-6; N = 12-9. CuHijO^Na reqnms 
C = 66-6; H = 5-5; IM = 13-0 per cent.). 

5-Nitrotetrahydrocarh(izolc melts at 172°, or at about the same 
temperature as the 6-r itro-derivative, and as it was at first tbougH 
that these two substances might be identical, a mixed melting- 
point determination was made, when the mixture began to melt at 
125° and was completely melted at 151°. 

7( ^-Nitrotetrahydrocarhazole and S-CMoro-o-nitrotelrahydrocarho-dt 

(X). 

It has already been pointed out (p. 1828) that the action of »i 
nitrophenylhydrazinc on cyclohexanone might theoretically ea 



derivatives oe teteahtdeocarbazole. 


1837 


to the formation of 7-mtro- or omitro-tctrahydrocarbazole or a 
mistnro of both, and the following experiment was made with the 
object of ascertaining whether the product is actually a single 
substance or a mixture of isomerides. cyrfoHexanone-m-nitro- 
ubcnylhydrazone (54 grams) was mixed with sulphuric acid (10 c.e.) 
jikJ water (50 c.o.), in which it dissolved, but, on boiling, a brick- 
red crystalline precipitate separated which was collected, w'ashed 
with water, and dried. The yield of this substance was 82 per cent, 
of that theoretically possible, the loss being due to the hydrolysis 
of a little of the hydrazone into m-nitrophenylhydraz.ine and cyclo- 
hexanone. In this condition, the substance melted at 15I“, and 
this was not altered by recrystallisation from methyl alcohol, from 
which the substance separated in clusters of prisms aud was 
obviously homogeneous. Although carefully searched for, no 
trace of any isomerkle of this T -mlrolelrahydrocarlxizoh could he 
detected. 

S-CUoro-S-nitroieirahydrocarhazoIc (compare p. 1829).— The pre- 
paration of this interesting substance was carried out under the 
following conditions. 2-Chloro-5-nitroaniliiie was prepared from 
o-chloroaniUne by nitration in concentrated sulphuric acid solution, 
indcr the conditions recommended by Chatfaway, Orton, and 
ivsns [Ber., 1900, 33 , 3002). This substance (6 gram.s) was added 
0 concentrated hydrochloric acid (50 c.c.) and diazotised below 0° 
)y the addition of sodium nitrite (2-5 grams) dissolved in a little 
.vater. A solution of stannous chloride (15-5 grams) in concen- 
.rated hydrochlorio acid (20 c.c.) was then added, and the pro- 
ipitate collected, washed with a little water, dissolved in much 
lot water, and the tin removed by means of hydrogen sulphide. 
The free 2-chloro-5-nitrophe>iy!hydrazim was obtained from the 
filtrate by the addition of sodium acetate and wa.s recrystallised 
from alcohol, from which it separated in . long, orange needles 
melting at 160° (Found : N = 22-5. requires N = 224 

per cent.). 

cydoHexanone (1-3 grams) and 2-chloro-5-nitrof»licnylhydrazine 
(2 grams) were mixed together in boiling alcoholic .solution, when, 
on cooling, (iyohhexanone-2-cMoro-o-mlropheuylhydmzoite separated 
in bright yellow prism, s melting at 78° (Found : N = 15-7. 

requires N = 15-7 per cent.). The influence on the 
polonr due to the introduction of the chlorine atom is very marked, 

E ice cyciohexanonc-m-nitrophenylhydrazone is bright red. 

The hydrazone (2 grams) was now heated with sulphuric acid 
e.c.) and water (20 c.c.), when S-cUoro-o-nilrotetrahydrocarbazole 
parated as a reddish-brown solid, which was purified by recrystal- 
lisatiou from alcohol, from which it separated in clusters of orange 

3r*2 
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prisms melting at 214° (Found : N = 11-3. CijHuOjNjCl requires 
N = 11-2 per cent.). 


Oxidation of Telrahjdrocarhazole and of 0-3Iethi/Uetrahydrocarha2ole 

The interest attaching to the oxidation of hydrocarbazolj 
derivatives is discussed in the introduction (p. 1830), anti 05^ 
of the objects we had in anew was the discovery of a process whicl, 
would be applicable, not only to the hydrocarbazoles themselves 
but also to the chloro-, nitro-, and other derivative.s. In the 
first experiments, the oxidation of tetrahydrocarhazole, sus. 
pended in dilute sulphuric acid at room temperature, with tlis 
theoretical quantity of permanganate was investigated. Oxidation 
took place very readily with almost immediate disappearance of 
the pink colour, but no carbazole could be isolated from the product, 
A similar negative result was obtained when tetrahydrocarhazole, 
without solution in dilute sulphuric acid, was oxidised with aqueous 
permanganate at about 80°. Subsequent experiments seemed to 
indicate that mercuric acetate may prove to be a useful reagent 
in such oxidations, as the following examples show. 

Oxidation of Tetrahydrocarhazole to Carbazole. — This change takes 
place under the following conditions. Tetrahydrocarhazole (5 gram.!] 
is dissolved in glacial acetic acid (25 c.c.) at 85° and the solution 
added to the theoretical quantity of mercuric oxide (25-5 grams), 
dissolved in glacial acetic acid (25 c.c.), also at 80°. The mixture 
is heated on the steam-bath for a few minutes, allowed to cool, the 
mercurous acetate removed by filtration, and the filtrate diluted 
with water, when a yellow mercury compound of unknown com- 
position separates. Thi.s was collected with the aid of the pump, 
washed with dilute nitric acid, and dried on porous porcelain. 
Hydrogen sulphide was now bubbled through this mercury deriv- 
ative suspended in hot glacial acetic acid (50 per cent.), and the 
whole filtered hot, when, on dilution with water, the filtrate gave a 
small quantity of a solid which, after crystallisation from toluene, 
proved to be carbazole, but the yield was small. 


0.riiation of Q-3Iethyllelrahydrocarbazole to Q-Methykarhazole. 

In this experiment, the oxidation with mercuric acetate was 
carried out under the condition-s stated in the case of the oxidation 
of tetrahydrocarhazole and on diluting the filtrate from the mer- 
curous acetate with water a sticky mass separated. This vus 
extracted with chloroform, the solution dried over calcium ehloridoi 
the chloroform removed, and the residue distilled under 23 ffl®- 
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pressure. 


when metallic mercury and a colourle^ oil collected in 


the recelYer. The oil soon solidified and, after cryatalhsation from 
alcohol melted at 85 — 86“ and proved to be Q-methylcarbazoU, as a 
arisen of the properties and a mixed melting-point determina- 
tion demonstrated. The yield was better than in the tetrahydro- 
carbarole experiment, and amounted to at least 20 per cent, of 
the theoretical. 

Lastly, an experiment was made on the action of mercuric 
acetate on 6-nitrotetrahydrocarbazole, and in tliLs case also mer- 
curous acetate was formed; and water precipitated from the acetic 
acid filtrate a mercury derivative, the investigation of which is 
in progress. 


The Dysox Periuxs Laeor.itory, 
OxroED. 


[ Received , October \ st , 1921.] 


Qi'X.—Some Properties of Fused Sodium Hi/droxide. 

By Thomas Wall.ice and Alex.axder Fleck. 

The amount of information available concerning fused sodium 
hydroxide is very small considering the enormous quantities which 
are produced and used every day in the chemical industry. 

Certainly for one period in its production, and often continuously 
in its use sodium hydroxide is in the fused condition, and as such 
possesses many characteristic chemical properties, some of which 
are quite distinct from the propierlics of sodium hydroxide in solution. 

This paper is a collection of some rcsult.s obtained in the course 
of everyday working and experimenting with tlu^ fiused material. 
It is divided into three sections. 

flection A . — Estimation of moisture contained in sodium 
hydroxide. 

Section B , — .Action between .sodium hydroxide and metals when 
heated in air. 

Section C . — Action between metals and mixtures of sodium hydr- 
oxide and sodium pero.dde. 


■i. —Estimation of ike Moisture contained in Sodium Hydroxide. 

The fact that sodium hydroxide, even when fused, contains 
moisture is quite well known, and various methods arc available 
for removing it. Among these are 
(1) The addition of sodium. 
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(2) Prolonged heating at 700° (Neuman and Bergve, Zeitsch 
EleUrochem., 1915, 21, 143). 

(3) Electrolytic decomposition. 

None of these methods is easily applicable for a quantitative 
estimation. The suggestion of a suitable method came from some 
observations made when sodium hydroxide was being fused in ^ 
vacuum. An iron boat containing this material was placed in i 
horizontal glass tube connected withamerourypump. The apparatus 
was evacuated and the sodium hydroxide slowly fused, As soon 
as the hydroxide melted, an extraordinarily vigorous bubbling and 
spitting took place. So much sodium hydroxide was thrown from 
the boat that the glass tube became quite opaque. This con. 
tinued for some time, and then the alkali which was left in ths 
boat became quiet, and it was seen that in the cooler portions 
of the tube moisture had condensed. By weighing the sodium 
hydroxide used and by absorbing the water in a weighed phosphoric 


Fiu. 1. 



(a) Silica tube. (6) Metal lube and boat, (c-) Citm 'plugs, (d) Aiiiigkl 
sealinij-wax joints, (e) Phosphoric o.cide tube with pressure-tubing joints (c,e,), 
if) Portion of tube heated. 


oxide tube, the percentage of moisture could easily be obtained. 
This method with some modilications was used and the arrange- 
ment is shown in Eig. 1. A silica tube was used to minimise the 
risk of cracking. A metal tube wa.s introduced in order to protect 
the silica, and the rounded glass plug with which the tube was sealed 
enabled a view of the boat to be obtained. The sodium hydroxide 
used, which had been fused for some weeks before being poured 
into the boat, was W'eighed with all possible speed. By handling 
the hydroxide quickly while it was warm, it could be got'into the 
tube without taking any appreciable quantity of moisture from 
the air. When the boat had been placed in the tube and tlic 
apparatus evacuated, the tube was gradually heated to approxi- 
mately 500° and this temperature was maintained for about an 
hour. Long before this time had elapsed all ebullition had ceased. 
After the apparatus had cooled, the phosphoric oxide tube was 
detached and weighed. It was found tliat the amount of moisture 
varied in different samples of sodium hydroxide. The lowest 
value observed was 0-9, the highest was 1-2, whilst the average 
value was l-l per cent. 
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It is interesting to note that if white, crystalline sodium hydroxide 
is put into the boat at the beginning, it will still be white at the 
end of the experiment. Had the fusion at 600° taken place in an 
iron bont in air, the sodium hydroxide would have become dis- 
tinctly green. It was farther observed that when green sodium 
hydroxide has been put into the boat initially, the hydroxide which 
remains in the boat at the end of the experiment has become pure 
white. These observations indicate : 

(d) That air (or oxygen) is necessary to effect any solvent action 
between iron and sodium hydroxide at temperatures up to 500°. 

(6) That in a vacuum, iron is capable of acting as a reducing 
agent in fused sodium hydroxide in the same way as sulphur, 
sodium, etc. 


B.—Mmdion between Sodium Hydroxide and Metals when 
Heated in Air, 

.Analysis of sodium hydroxide, even of the white, finished 
product, always reveals the presence of metallic impurities, usually 
oxides of iron, aluminium, nickel, manganese, calcium, and 
magnesium. 

Sodium hydroxide fused in an iron vessel is itrvariably coloured, 
due to these metallic impurities (e.xcept immediately after treat- 
ment with some reducing agent, usually sulphur). The colour of 
the sodium hydroxide varies with the temperature and the relative 
proportion of metals dissolved. For example, if iron is predominant, 
then the sodium hydroxide has a green colour up to about 450 — 500°. 
.It higher temperatures, it becomes blackish-yellow'. If copper 
is predominant, the sodium hydroxide is coloured an intense blue, 
and so on. 

It is interesting to note, in passing, that the amount of metals 
in solution is always very small, and that a very small percentage 
of metallic impurity produces a very strong coloration in the sodium 
hydroxide. 

We have had occasion to examine many samples of commercial 
j sodium hydroxide, which were in most cases very pure so far as 
I other sodium salts are concerned, and we have never found the total 
I percentage of metallic oxides to be more than O-Oo per cent. The 
I bulk of this is usually iron and manganese, yet these small (puan- 
; titles are sufficient to colour the sodium hydroxide very deeply. 

n order to obtain a more complete knowledge of the behaviour of 

Used sodium hydroxide with metals, wc conducted the several 
series of experiments given below. 
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1. Action of Fused Sodium Hydroxide on Iron at Varicjui 
Temperatures. 

Two sets of experiments were performed : 

{a) With spun iron laboratory crucibles. 

(6) With cast crucibles made from the iron used in the mam 
facture of ordinary melting pots for sodium hydroxide. 

The sodium hydroxide used W’aa of the best quality, never coj 
tabling more than 1 per cent, of total impurity, of which tla 
greatest part was sodium carbonate. The hydroxide, was in fj,j 
form of large, glistening crystals taken from the middle of a large 
mass, and small pieces of these were placed in the crucible. 

The apparatus used is shown in Tig. 2, and with these arran”e. 
ments it was possible to keep the temperature fairly constant to 
within 10“. 

Fig. 2. 



(a) Firebricks. (6) Iron pot. (c) Iron crHcibles. {d) Gas rind. 
iP) Pyronieler. 


The modus operandi was the same throughout the exporimenti 
Two crucibles were placed in the furnace together and were useil 
when possible, throughout the series. Before each experiment, 
the inside.s of the crucibles were cleaned and burnished. Fifty 
grams of solid sodium hydroxide were introduced, and the crucibles 
were covered by loose lids, placed in the furnace, and kept at flit 
required temperature for four hours. By heating the furnace to 
the required temperature before the crucibles wore put in, a steady 
condition could be obtained within an hour. 

At the end of four hours the crucibles wore removed and the 
contents poured into nickel moulds. Each crucible was then 
thoroughly washed out and the washings were added to the solution 
of the main quantity of the sodium hydroxide. The total iron m 
the resulting liquid was estimated. Wherever possible, the amount 
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of iron dissolved in the sodium hydroxide was estimated inde, 
pendently. The experiment was repeated three or four times at 
each particular temperature. 

Table I gives the observations and data collected from the expai. 
ments conducted with laboratory crucibles. Particularly 
500° upwards, the action of sodium hydroxide and iron seem.s to 
be very complex, and at each of the temperatures taken we wero 
met with absolutely different phenomena under what were, so tar 
as we knew, the same conditions. The term “ Frequence ” in tlu 
table indicates for each particular temperature the number of times 
the phenomena described were met with. We are without any 
satisfactory e.xplanation why this variation in the phenomcnj 
occurred. 

ResuUs with Cast Iron Cruoihks. 

The qualitative results were the same as those described in the case 
of spun crucibles, except in one particular. The sodium hydroxide 
obtained at 550°, when dissolved in water, gave a large quantity 
of purple precipitate, which yielded ferric liydroxide on keeping, 
or on the addition of water and was probably sodium ferule. 
The total amount of iron removed wa.s, however, much larger, 
and on the whole the tendency seemed to be for tlie quantity to 
rise with the temperature. 

As in the previous experiments, the formation of the .scintil- 
lating crystals was associated with a considerable rise in the total 
quantity of iron removed. The iron in solution was estimated 
and the quantity found to be of the same order as that estimated 
in the sodium hydroxide used with the other crucibles. 

In generalising the results of these observations it should be 
clearly understood that they might be different if a period of heating 
other than four iiours had been ii.xcd upon. Practical experience, 
however, has shown that, in the.se experiments, the quantities oi 
iron dissolved in the sodium hydroxide are of the same order as 
those contained in hyelroxide which has been fused in iron pots 
for several weeks. 

The quantitative results obtained with cast iron crucibles and 
those given in the table, are shown graphically in Fig. 3. 

The important conclusions to be drawn from the table and tie 
curves are as follows : 

1. At temperatures up to and including 400° the ferric oxiae 
formed by the action of sodium hydroxide and iron remains m 
suspension for at least several hours and practically no iron is 

dissolved. . . 

2. Between 100° and 500° the amount of iron removed is ni« 



SOME PEOPEETIES OF FUSED SODIUM HYDROXIDE. 1845 

smaller. The red oxide formed settles to the bottom very quickly, 
except for a small amount which dissolves in the sodium hydroxide. 

3 , Between 500“ and 550°, a soluble substance is formed which 
settte out as a yellow precipitate when the sodium hydroxide 
cools. This does not always occur. 

I it 550° and above, a yellow, crystalline substance is formed 
cvMcIi is insoluble in sodium hydroxide at temperatures up to 650°, 


I're. 3. 



ye/ta prmiptoe cri crjstots „« iiotjomld; (6) l4ci{ 
lulow precipiiate am cn/$taU are formed ' ' 

■> Slfelrf .o/iroarc^cri („, yo!lo,o prccipitaU 

[0) lukenyeUawpreapttatets formed. 


? quantitative data show clearly that 

W the amount of iron dissolved is very small compared with 
amount removed. 

M dissolved increasas with the temiierature. 

raoidlv fm ™" cmcibles the amount removed falls 

r Pdiy from 400“ to 600°, except when yellow crystals areformed. 
Hi W amount is greatly increased, 

■cmLd 7 is for the amount 

0 increase steadily with rise of tciuperaturc. 
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Isolation of the Crystalline. Substance dysened at 550° ojkJ 

By the methods described above, it was impossible to isolate an 
of the crystals, as they were spread through the mass of the soli 
sodium hydroxide obtained in the mould, and treatment wit 
water always gave a precipitate of ferric hydroxide, from nhit 
the crystals could not easily be separated. A new method la 
to be adopted. 

The crucibles were treated exactly as before, the sodium hvdj 
oxide was introduced, and the crucibles were heated to 500— |i(j 
and left for four to eight hours. The ga.s was then turned off tl 
crucibles left in the furnace to cool slowly, and, when cold, the .soli 
block of sodium h}'droxide wa.s tapped out of the crucible. Tt 
first result of this method was to reveal the presence of some dai 

iTc. 4. 



(o) lied ci i/elale. (6) Yellow ert/sUde. (c) lied iron oride. 

red crystals which had not been scon before. The solid block c 
hydroxide was split vertically and gave a section sketched in Fig. 1 
It will be observed that the red oxide and the yellow crystals hi 
settled out very conveuiently for purposes of separation, and thi 
the dark rod crystals were found at the point where air, iron, m 
sodium hydroxide meet. 

The bottom of the block was split off and a piece of .sodira 
hydroxide was thus obtained containing all the yellow crystal 
with a compact layer of red oxide on the bottom. This was cnii 
pletely scraped off w ith a knife, and the sodium hydroxide dis.soivt 
in water. A solnlion was obtained, with the yclloiv crystals an 
a small amount of the red oxide in suspension. The final separatio 
was accomplished by spinning the solution round, and then hoklit 
the beaker still. The red oxide rapidly .settled out in a little hra 
on the bottom while the crystals were still carried round with tli 
liquid. The latter was rapidly decanted off and carried the maj( 
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portion of the crystals with it. while the red oxide was left in the 
Ircalior' 

A sample of the dark red crystals ava-s easily obtained by breaking 
off the sodium hydroxide at the edges, which was quite free from 
Hie red oxide, and dissolving it. Being at the edge, the crj-stals 
lould be removed with only a very small amount of sodium 
lydroxide. 

In this way a fairly large quantity of the yellow crystals was 
ibtaincd, and a small quantity of the darker crystals. The yellow 
irystals consist of iron, sodium, and oxygen, and their chemical 
iroperties are identical with tho.se of the red crystals described 
111 p. 1854. The presence of sodium was first indicated in an 
ittempt to e.stiraate the oxygen by reduction in a stream of 
ivdrogen. Very varying results were obtained, and in all cases 
tic boat (both platinum and silica were used) .showed signs of 
laving been acted on. This disproved the suggestion that the, 
.cilow crystals might be crystalline oxide.s of iron. 

The analysis of the crystals proved very unsatisfactory. The 
■stimatioii of the iron was effected without difficulty, but even 
iprc the results obtained were never within the limits of e.xperi- 
iieiital error, although they were always fairly close to one another, 
[he estimation of the sodium was completely unsati.sfactory, the 
lifficulty being to obtain a suitable method.' This difficulty' tva.s 
ivorcorae later and the method finally employed to estimate the 
odium will be fully dealt with in section C. 

Several analyses were performed (Found ; Fc = oo-S ; Xa - U-S ; 

) = 28 E1 per cent.), hut the figures eorrespond with no .simple tor- 
Liiila (XajFcjOg is the simplest), and cannot he regarded as giving 
udie than an indication of the composition of the crystals. 

Owing to the trial of one method after another, our sample was 
ilinost exhausted. Our old crucibles wore worn out, and we had 
0 wait many months before new ones could be obtained (1017—18). 
Vlieii we did get them, we were totally unsuccessful in our attempts 
0 prepare anything like reasonable quantities of the erynstals. 
le reason for this is not evident. The matter was allowed to 
Pd there untd another series of experiments was performed, 
diich is described in section C. 


AUwn of Fused Sodium Hydroxide on XfrW al Various 
Temperalures. 

Oidinary laboratory nickel erncibles were used, and the gas-fired 
raave was replaced by an electrically-heated muffle. In each 
P riment two crucibles containing 150 grams of sodium hyelroxide 
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and *'‘S*'* nickel lids were used. The nickel in 

jhe livdroxide was estimated by dissolving the product in hydro- 
chloric acid and precipitating the nickel by dimethylglyoxime in 
(lie usual way. The phenomena observed were very inconsistent, 
(livin'’ to this, one series of experiments was abandoned altogether, 
and another undertaken with the intention of raising the tem- 
perature by steps of 20° rather than 50°. 

It is very difficult to sum up the reaction of nickel and sodium 
livdroxide. The most feasible line of explanation is that the inner 
surface of the crucible i.s oxidised in some way which is not very 
dear. It is well known that nickel oxide is only very .slightly 
soluble in sodium hydroxide, and it would consequently form a 
protective covering. This would account for the small quantities 
of nickel found in the alkali and for the absence of anything com- 
arablo with the red oxide obtained with iron crucibles. The produc- 
ion of the silvery crystals observed in one isolated case will be 
iilly dealt with in section 0. Tn some cases, similar to what we 
nee or twice obtained with iron crucibles, there seemed to be no 
ction whatever. The explanation of sucli cases, in which the 
isido surface of the crucibles remained quite bright and clean, 
rould seem to be one where the metal wa-s in the passive state, 
t should be noted, however, that these negative results were not 
ibtained after the crucibles had been used for a while. 

3, Action uith Copper at Various Temperatures. 

X similar series of cxjroriments to tho.se performed with nickel 
ivas undertaken with two crucibles beaten out of J-inch sheet, 
With copper there seemed to be a very complex action, judging 
uy the various phenomena which were observed. In oontra- 
hstinction to iron, the phenomena were almost the same for various 
tciuperatures, but they became intensified as the temperature rose. 

Tne following phenomena were observed at 350°, and in a greater 
Icpee at higher temperatures. 

The fused sodium hydroxide was clear and intensely blue and 
lontained a number of shiny scales lloating in it. On pouring the 
melt into a cold mould, the first sodium hydroxide to touch the 
nould instantly became intensely yellow, whilst the rest of the 
hydroxide, cooling comparatively slowly, deposited a red substance, 
he final solid was dark red, with a bright yellow surface where it 
ad been in contact with the mould. This yellow’ effect was without 
oubt due to the sudden cooling of the sodium hydi'oxide. 

‘ oeral interesting phenomena w’ere observed during the analysis 
^ 1 e sodium hydroxide. When the alkali was put into water, a 
yellow substance was precipitated, and this was followed by 
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the precipitation of a bright red powder. After keeping, .tj, 
whole precipitate turned red. The solution itself was of a blue 
colour^ which deepened on keeping. The copper was estimatEd 
by precipitation with hydrogen sulphide in the usual way aftc, 
the addition of hydrochloric acid. This precipitation ''-''’S-S sotnc- 
what curious. The hydrochloric acid solution was yellowish.green 
and gave a precipitate only very slowly with hydrogen sulphide, 
in fact, a few minutes elapsed before the gas produced any prj. 
cipitate at all. When, however, the acid solution was first boiled 
with a little sodium hydrogen .sulphite, the hydrogen sulphide 

immediately gave a precipitate. 
Fie.. 5. As the temperature rose, the 

colour of the fused sodiii® 
hydroxide deepened, and at 
450° it had a distinctly broira 
lint. The number of shim 
scales in the hydroxide in. 
creased considerably, and this 
probably accounta for tlie bij 
incrca.so in the percentage el 
copper ill the alkali. Xn ai- 
tempt was made to isolate any 
of the crystals, as tliey iri-rf 
invariably iiiixod with a nd 
precipitate which accnmp.',iiirJ 
the solution of the sodium 
hydro.xidc. They were aka 
j acted on by water, and afti-r 
1 remaining for a short ivhik 
were decomposed. 



At 500° an intcre-stiiig change was observed. The sodiim 
hydroxide was verv dark brown, and a large quantity of crystate 
matter was found in the bottom of the crucible. The crynau 
were long and narrow, and quite different in shape and appma . 
from the scales obsm -ed at lower temperatures At ooU - ■ 
more of these crystals were formed. It was possible to pour ^ 
sodium hydroxide and leave the crystals in the crucihles. llw) ^ 
removed, rapidly washed, and dried. In this way an impure . 
was obtained, from which some large crystals wore 
The sodium hydroxide obtained at these higli einp 
very pretty when cooling in Ihc mould, and final y _ 

talline solid totally different in crystalline character from 


sodium hydroxide. 

,\t the lower temperatures the total percentage o co; p 


in tlir 
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sodium' was 0-067 at 350°. 0-440 at 400°, and 0-536 at 

450°. Since the scales -were ahv-a3’s found in suspension, the aboYe 
dgiires do not represent the exact amount of copper dissolved in 
the sodium hydroxide, but they give some idea of the relative 
amounts of copper dissolved from the crucible. The data, .shown 
graphically in Fig. 5. refer to 200 grams of sodium hydroxide heated 
for four hours. 

As thei-e was not sufficient picked materia!, the aiial 3 'ai.s of the 
crystals was made on the impure sample. It consisted of a mixture 
of very small crystals and a little amorphous copper oxide. The 
sample was dissolved in hydrochloric acid, the copper precipitated 
in the usual rv-ay, the llltralo evaporated to dryness, and the residue 
dissolved and titrated with standard silver nitrate. The pre- 
cipitate of copper sulphide was rcdissolved, and the copper c.stimated 
electrolytically. 

The foUowdng are the, analytical data : 


Weight ot sample Mljl grams. 

„ of copper found 0-871(i gram. 

„ of sodium in the filtrate O'WoOl „ 


It is reasonable to aasumo that such a small amount of sodium 
must be present as an impurity— pirohably due to incomplete 
washing, in which case it would be present as sodium earbonale. 
The weight of carbonate present would be 0-0131 gram. On thi.s 
assumption, the actual weight of the crystals was 1-1131 - 0-0131 
= 1-100 grams. The percentage of copper in llio crystals was 
thcrdoi-e 70-2, This gives a final proportion of Cii : 0 = 1 -217 : 1 -3 
= 1 ; 1-04. From this it would seem that the crystals are a crystal- 
line oxide of copper of the empirical formula CuO. 

When examined with transmitted light, the crystals are quite 
opaque. From the photograph (Plate 1 , magnification 30 diameters) 
it is seen that they arc long, necdle-shatoed crystals which have, in 
unbroken specimens, truncated cuds. 

Condasionfi. 

(1) Compared ’with iron and nickel, copper can be said to be 
rt’aclily attacked and dissolved by fused sodium liydroxide. 

(2) The actual amounts are still quite small-tlic highest being 
m the sodium hydroxide heated at 450°, -n-hieh contains upprnxim! 

« e J 0-8 per cent, of copjicr, but it wiU be seen that the actual 
quantities arc much greater than in the case of ciflier iron or nickel, 
anee copper is much more easily oxidised than the other two metals, 

u supports the view that all these reactions of fused sodium 
metals comincnec with the oxidation of the metal. 

I J ti-ystals are obtained in the sodium hydi-oxkie at all tern- 
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peratures. At 350” to 500”, shiny scales are observed in the 
hydroxide. Above 500”, the scales disappear and long, thin 
crystals are seen floating in the liquid, 

(4) These long crystals are readily soluble in acids, are decom. 
posed by water after a Avhile, and are quite different in character 
from the crystals obtained wdth iron and nickel. Their empirical 
formula is CuO. 


C.— Action of Mixtures of Sodium Hydroxide and Sodium 
on Metals. 

1. Action with Iron. 


In the previous section of this paper, reference was made to tivo 
kinds of cr}'stak (yellow and red) produced by the action of sodiua 
hydroxide on iron at tcniperatures above 550°. The second attempt 
to prepare any quantity of these, was, for some unknown reasoj, 
unsuccessful. It was thought that these crystals were the prodmt 
of some oxidation process, and the lack of success in their prepara, 
tion seemed to indicate the necessity for some stronger oxidisijj 
agent. To achieve this, it was decided to add sodium peroxide, 
A joreliniinary experiment was carried out in one of the cruciiles 
used previously. A mixture of sodium liydroxido and 5 per cent, 
of sodium peroxide wa.s heated in an iron crucible at 500 to ijjij' 
for four to eight liours. The crucible and contents were tlifii 
allowed to cool very slowly in the furnace. When the sodim 
hydroxide was quite cold, it was found that a large quantity ul 
red crystals had been formed. The crystals were found adhering 
to the crucible and the surface of the sodium hydroxide, and they 
were much larger and better formed than any obtained previously, 
The hydroxide was broken up, but no sign of the yellow ciysfak 
was seen . As the addition of sodium peroxide seemed to give a very 
promising result, a complete scrie.sof experiments was carried out al 
various temijeratures. Unless otherwise stated, the sodium hydioadf 
in the following experiments always contained 5 per cent. oi sodium 


peroxide. 


Resulls oblaimd. 


Description of the 
Temp. sodium hydroxide. 

350® Greenish-blue. 

Free from suspended 
matter. 

400 Free from suspended 
matter. 

450 Very black; gave a 
yellow ppte. on cool- 
ing. 


I’articulars of crystals 
observed. 


Percentage of u'od 
in the solution, 


Quantity of very small 
crystals. 

■Mixed -with tho red 


oxide. 

Mixed with the red 


0'025 


OXIUC. 

Largo quantity of red 
crystals in suspen- 


sion. 
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Results obtained at 500 — 550°, 

On one occasion a clear, dark green sodium hydroxide was formed 
ivhicli gave no yellow precipitate on cooling and in which there 
were no crystals of any kind. It contained 0-029 per cent, of iron 
in solution. This was quite evidently one of the exceptional cases 
M-hicti were met with every now and then. 

The general results of heating sodium hydroxide ivith 5 per cent, 
of sodium peroxide in an iron crucible to 5.50° and leaving to cool 
slowly after about five hours’ heating, were a-s follows : 

(1) A large quantity of red crystals was formed. 

(i) The sodium hydroxide was a dark, almost black, quite soft 
solid which dissolved in water very readily, usually with evolution 
of gas. The solution wa.s deep purple, which rapidly bceame deep 
green, a large quantity of ferric oxide being precipitated. The 
green solution seemed permanent when very concentrated. 

(3) When the sodium hydroxide was dissolved in a minimum 
luantity of water and the concentrated solution poured off after 
he insoluble matter had been allowed to settle, a mixture of sub- 
itances was found in the sediment. In this, which was principally 
lerrio oxide, there were a few red crystals and two substances 
liffcrent in appearance from anything we had seen previously, 
[he separation of the latter substances was not attempted on any 
calc, but a few specimens were picked out and e.xamined micro- 
icopically. Of the two new substances, one was in the form of 
ong, narrow, blood-red crystals (almost opaq\ie) with peculiar 
luncated ends, which were rapidly decomposed by water and 
Icliqucsced in the air. The other, of which there was a moderate 
[uantity, consisted of small, flat pieces of rust-coloured matter, 
it was difficult to tell whether these were crystalline or not. Tiiey 
pcrally had a peculiar red sheen with reflected light. 

.In excellent sample of the red crystals was obtained by carefully 
atting off the masses of crystals which had collected at the edge 
t the solid sodium hydroxide and dissolving in water. The crystals 
ere bo thick that they could be detached with very little adhering 
idium hydroxide. ” 


Results at Higher Tanjieralures. 

Two iron crucibles containing sodium hydroxide with 5 per cent. 
M 10 per cent, of peroxide respectively were heated at 720“ and 
wed to cool very slowly in the furnace, 
ilid * containing 5 per cent, of peroxide set to a green 

n dissolving in water, a large quantity of the long, red 
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crystals with truncated ends was observed along with a smj) 
quantity of red crystals. 

The hydroxide with 10 per cent, of peroxide set to a dark purple 
solid, and red crystals had been deposited in considerable quantitv 
on the sides of the crueible. A large quantity of the long crystals 
and a small quantity of the red variety rvere seen when the sodiuia 
hydroxide was dissolved. It is seen from this that the long crystal* 
are the product of reaclion.s carried out at the higher temperatures, 

Rmdis ohinined with (he Use of Pure Sodium Peroxide. 

It was found that the employment of larger quantities of sodiuu 
peroxide than those used, resulted in the cruciblc.s being attacked 
very vigorou.sly. Ordinary laboratory crucibles were usually eateo 
right through. In addition to this, it was found that a,s the 
amount of peroxide used was increased, the amount of crystals oi 
all kinds diminished until with large amounts, such as 50 per cent., 
no crystals were found at all. 

A thick cast-iron crucible containing sodium peroxide only vas 
heated at 500—550° for about four hours, and left to cool in tlia 
usual way. The final product rvas a mass of long, very dark crystals 
which dissolved in water very readily, yielding a deep purple solu. 
tion which deposited ferric oxide and turned green on kccpiii!. 
These crystals were probably pure sodium ferrate. 

Properlies of the Red Crystals formed at 500°. 

1. When examined under the microscope, it was seen that the 
crystals tended to he very perfect hexagons. All the available 
evidence, microscopic as well as chemical, showed that the jeiloe 
crystals and the red crystals are both modifications of one substancf. 
The cry.stals are transpiarcnt and of a reddish-brown colour, the 
intensity varying with the thickness of the crystal. They have a 
refractive index .slightly greater than that of oil of cinnamori 
(ii = 1-58). JIo,st of the crystals are lamellar and are really basal 
cleavage plates of hexagonal crystals which have a very pcrfEct 
basal cleavage. With convergent light they readily gbc optira 
tigures which show that the crystals arc uniaxial and optically 
negative. A mierophotograph (Plate 2. magnification 30 diameters 
is .given, in which the crystals, being red, appear quite " 
which shows the regular hexagon shape of the untouched 

2. They arc unacted upon by boiling water, boiling so m 
hydroxide solution, and cold dilute mineral acids. 

3. They are readily dissolved by hot concentrated acids. 
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4 They aie stable up to at least 720° in fused sodium hydroxide. 

5 They consist of sodium, iron, and oxygen. In view of this 
composition their stability is remarkable. 


Analysis. 

A known weight of the crystals was washed with water and the 
amount of Na^O in the washings estimated. 

The washed crystals were dissolved in hydrochloric acid, and 
the solution was carefully evaporated to dryness in either a platinum 
or porcelain dish. The residue ivas then gently heated until a 
constant weight was obtained, indicating that all the ferric chloride 
had been converted into oxide. The final rc.sklue was boiled with 
water, and the sodium chloride in the resulting liquor estimated 
by titration with silver nitrate. The sodium oxide estimated in 
the washings was assumed to be carbonate, and allowance was 
made for this in calculating the results. The solution of the crystals 
ill acid was made up to 2i>0 c.c. and 50 c.c. taken for each sodium 
estimation. The sodium figures for various e.stimatioiis on the 
same solution agreed fairly well, showing that Ihe method wa,5 
satisfactory. The analy.sis of the crystals was never satisfactory. 

The following are the average results of an analysis made im- 
mediately after the crystals were isolated ; Fe ^ 52-2 ; Na = 14-55 ; 
0 = 30-25 per cent. 

Analyser made on a w'ashed sample twelve months after its 
formation gave an iron content larger tlian the above by 
approximately 6 per cent. 

It seems fairly definite that the crystals are composed of a 
mixture of oxides of sodium and iron, the latter probably func- 
tioning in an acidic capacity. The variations in the analyses 
are most likely due to the crystals themselves undergoing slow 
decomposition, which would of course introduce differences. This 
is shown by the fact that no matter how carefully the crystals 
are washed, if they be kept for any length of time and then 
rewashed, the washings will always contain a further quantity of 
sodium. No weight can therefore be jiut on the analysis for the 
purpose of obtaining a molecular formula, but it sccm.s possible 
that immediately after the removal they have a eomprosition 
represented by the formula Na^Fe^Og. 


2, Aclio)i with Nickel. 

-^ series of experiments similar to those with iron crucibles w'ere 
carried out with uiokol. These experiments were made at the 
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same time as the second series of experiments with sodium hydr- 
oxide and nickel, the crucibles all being in the furnace together. 
Xhe principal aim was to ascertain if the silvery crystals observed 
on one occasion in the first series would be produced in any 
quantity by the addition of sodium peroxide to tlie hydroxide. 

From Table III it is seen that this object was accomplished, and 
from the mass of silvery crystals obtained at 720“ a large sample 
ivas prepared. 

These crystals were ranch more easily separated than the corre- 
sponding iron ones, as there was practically no precipitate when the 
odium hydroxide di.ssolved in water, and nothing analogous to the 
od oxide. A little nickel oxide was present, but this was easily got 
id of by swirling the solution and decanting the liquor containing 
he bulk of the crystals. There were no signs of any other 
rystalhue substances. 

Emmiitalion of Ute Crystals. 

(1) When examined under the microscope witli transmitted 
ight, these crystals are quite opaque. They are, however, very 
imilar in form to the crystals obtained with iron crucibles, that is, 
hey crystaUiso in regular hexagons, as is .shown from a single 
irystal on Plate 3. If, how'ever, they are examined with reflected 
ight, it is seen that the crystals are regularly etched. Frequently 
;lie etching is seen as parallel bands, very similar in appearance 
lo the parallel twin bands of plagioclase. At times, however, 
pore or less complete equilateral triangles arc seen (Plate 4), which 
ftou's that the crystals have symmetry of the hexagonal system. 

(2) The crystals are stable in fused sodium hydroxide up to 

50’ and are unacted on by water and cold dilute acids. 

(3) They are readily dissolved by hot concentrated acids, and 

berate chlorine from hydrochloric acid. 

(4) They consist of nickel, sodium, and oxygen. 


Analysis. 

This analysis was again unsatisfactory, but an average analysis 
besNi = o3'6; Na = 8-4; 0 = 38-0 pier cent. 

The sodium was estimated in the manner described for the iron 

i mpound. The nickel chloride was very readily reduced to the 
' e. The percentage obtained was the average of several results 
'tamed on four lots of the solution, namely, 8-38, 8'7, 8-5, 8-46. 
m mckel was estimated by the glyoxime method, and the oxygen 
erence. The average analysis indicates an empirical formula 
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if XasNijOij. It was found that the crystals were unstable over 
lono periods of time and in this respect were similar to the iron 
'rjistals already described. When crystals which had been very 
thoroughly washed with water were kept for a period of, say, a 
ffrek, sodium compounds were always found in the washings when 
[hey were rewashed. This will account for the unsatisfactory 
inalysis. 

‘ 3. Action with Copper. 

A parallel series of experiments to those described with copper 
d sodium hydroxide was carried out in .similar crucibles with 
liura hydroxide and 5 per cent, of sodium peroxide. A few 
ditional experiments with 10 per cent, of peroxide were performed, 
le results obtained (see Table IV) were quite unexpected, being 
; reverse of those obtained with iron and nickel. There, the 
tion on the metal was much increased by the addition of peroxide, 
lilst with copper the action was considerably reduced. 

Condusion. 

So far as the formation of cry.stalline .substances and the removal 
copper from the crucibles are concerned, the addition of the 
roxide seemed to have a prohibiting effect, in marked contrast 
that produced by peroxide with iron or nickel crucibles. 


Summary. 

lie chemical properties of fused sodium hydroxide have been 
iilied in three respects. 

f l) The Water Content. 

ly fusing sodium hydroxide in a vacuum, it has been found 
t it has an average water content of 1-1 per cent. In connexion 
ih these experiments, it is evident that the presence of oxygen 
jnecessary before the fused hydroxide becomes coloured iii its 
lai manner. In a vacuum, the iron of the containing vessel is 
to act as a reducing agent on the small quantities of impurities 
he hydroxide. 

!) Action on iron, nickel, and copper in air. 

K These reactions have been studied between 350’ and 600". 

I In no case is the amount of metal dissolved in the sodium 
oxide very high. The maximum amount, which w as obtained 
' copper, was C'73 per cent. 

') Iron is less vigorously attacked than copper, and more 
irously than nickel. 

'OL. cxix. 


3s 



i860 


Sennett and WHINCOP : 


(d) The formation of crystalline substances by the action of 
fused sodium hydroxide on each of these metals has been noted 
and their separation described. 

(3) Action of iron, nickel, and copper with sodium hydroxiit 
containing 5 per cent, of sodium peroxide. 

(а) This action has been studied at temperatures ranging fro]]] 
350° to 720°. 

(б) The formation of crystalhne substances previously noted is 
found to be facilitated in the case of iron and nickel at certain 
temperatures between 500° and 700°. The substances formed in 
the largest quantities have been described and analysed. In the 
case of copper, the formation of crystals is retarded. 

(c) The reaction between sodium hydroxide, sodium peroxide 
and iron or nickel is almost certain to have a parallel with similar 
metals such as cobalt, chromium, or manganese, and it is extremely 
probable that research w-dth other metals on the lines indicated 
would reveal the presence of new crystalline substances, similar 
to those we have described. 

We desire to express our thanks to the Directors of the Castaer- 
Kellner Co., Ltd., for facilities granted at their Wallsend works, 
and also to Mr. L. Haw'kcs. M.Sc., for assistance in connexion riitk 
the crystallographic measurements. 

[deceived, July loth, 1921.] 


CCXI . — Some Derivatives of Monothioethylene Glycol 

By Geoege Macdonald Bennett and Edith Muriel Whiscop. 

The preparation of monothioethylene glycol was recently described 
(this vol., p. 423) and we have now prepared a few crystalline 
derivatives of this interesting and reactive substance. As one of 
us is obliged to withdraw from the work, it seems best to publish 
the results which have so far been obtained. 

Owing to the tendency of the mercaptan to become oxidised in 
alkaline solution, a Schotten-Baumann reaction led to the correspond- 
ing acylated disulphide. Mercaptans have been shown (Gold- 
schmidt and Meissler, Ber., 1890, 23, 272) to react with phenyl- 
carbimide in a manner analogous to the reaction with alcohols; 
with monothioethylene glycol, the molecule of which contains both 
a thiol and a hydroxyl group, phenylcarbimide reacted at once, 
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addition taking place, as was perhaps to be expected, preferentially 
at the thiol group, and a substance was produced of the formula 

C.H5-NH'C0-S'C2H4'0H. 

It was hoped that the series of compounds S(C 2 H 4 'OH) 2 , 
G H (S-CjHi’OHjj, S(G2 Hi-S-C 2H4-011)2, etc., might be extended 
by successive condensation of the corresponding halogen compounds 
OTth monothioethylene glycol. An examination of the higher 
members of this series, or of the unsaturated substances derived 
from them, which evidently approximate more and more closely 
in composition to diethylene disulphide, might throw light on the 
nature of the amorphous products of high molecular weight obtained 
from the interaction of ethylene dihromide and alkali sulphides 
by Crafts (Annalen, 1802, 124 , 110; 1863, 128 , 220), V. Meyer 
{Ber., 1886, 19 , 3262) and M,ansfield {ibid., 1886, 19 , 697). The 
series was not, hosvcver, carried beyond the third member, for the 
dichloro-oompound derived from this seems to be much more 
unstable than its lower homologues, and could not be isolated. 
Ethylene 6w-p-ohloroethyl sulphide, 

CH2ChCH2-S-CH2-CH2-S-CH2-CH2Cl, 
has the very reactive chlorine common with p-chloro-sulphides, 
and its physiological action is very noticeable. In marked contrast 
to this is the low reactivity of the halogen in the p-halogenated 
2 : 4-dinitrophenyl ethyl sulphides. 


Expeeimestal. 

^■Ilyiroxyeiliyl fhenyltMocarhamatc, CjHj’NH'CO'S'CjHj'OH, was 
produced w’hen molecular proportions of phenylcarbimido and 
monothioethylene glycol were warmed together for a few seconds. 
It is a cream-coloured solid of m. p. 59 — 60“, which crystallises well 
from benzene or carbon tetrachloride (Found : N = 7-19 ; S = 16-0. 
CjHjjOjNS requires N = 7-11 ; S = 16-25 per cent.). It is easily 
soluble in these solvents or in alcohol, hut insoluble in light petroleum 
or water. It shows none of the reactions of a mercaptan, giving no 
mercury compound when its alcoholic solution is boiled with mer- 
curic oxide, and having no reducing action on ferric chloride. 

^?:'-Di-T^-nitrobenzoyloxydiethijl disuljihide, 

was the main product when monothioethylene glycol was treated 
with p-nitrobenzoyl chloride in presence of aqueous sodium hydr- 
oxide. It crystallised in pale buff-coloured plate..s from butyl alcohol 
or methyl acetate, m. p. 145° (Found : N — 0-1 ; M — 353. 
CigHjjOgNjSj requires N = 6-2 per cent. ; -ill = 452). The product 
from the above reaction contained also a substance of lower melting 

3s2 
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point, which was continually oxidised during purification witt 
production of the disulphide. 

An additire compound, CjHjOS.CjHOCla, was formed with evolu- 
tion of heat when the mercaptan was mixed with chloral in benzene 
solution. It crystallised in colourless needles on addition of ligljt 
petroleum, and melted rather indefinitely at 67 — 68°. The sub. 
stance was very deliquescent and too unstable to purify {Found : 
Cl = 50-7, r)l-2. C^HjOjCljS requires Cl = 47-2 per cent.). 

Elhylenc bis-^-Hydroxydhyl Sulphidt, 

HO-CH2-CH2-S-CH2-CH2-S-CH2-CHj-OH. 

— Ethylene dibromide (12 grams) rvas cautiously added to a solution 
prepared from .sodium (.1 grams) and the monothioglycol (10-5 grams) 
in rectified spirit (60 c.c.l. The solution became neutral to litmus 
after boiling for fifteen minutes; the sodium bromide was removed 
by filtration and the filtrate evaporated. The crude product 
(obtained in quantitative yield) was purified by recrystallisation 
fi-om methyl acetate or ethyl otlier, from u hich it separated in colour, 
less plates melting sliarply at 64° (Found ; C = 39'2 ; H = 7’67, 
C 5 H 14 O 2 S 2 require.s C = 39-o; H — 7-70 [oer cent.). 

This substance is readily soluble in water, alcohol, or hot methyl 
anotatc, loss so in benzene or light petroleum. Its solution in alcohol 
(and that of the corre.sponding trisulphide described below) dissolves 
a considerable quantity of sodium chloride. It is stable to heat, 
distilling undecompnsed at atmospheric pressure. Considerable 
difficulty was found in analysing it, an unusual length of combustion 
tube being necessary to ensure complete oxidation. A crystalline 
methiodido could not be obtained. When the sub. 5 tanoe was heated 
with boiling concentrated hydrochloric acid, it dissolved, and an 
oil separated whicli solidified in the cold. This was crystallised 
from light petroleum, but was apparently a mixture, its low chlormo 
content .showing that any dichloro-compound produced had partly 
decomposed — probably with production of the corresponding 
unsaturated compound. 

Ethylene his-^-Chloroelhyl Sulphide, 

CH.,C1-CHj-S-CH.,-CH.,-S-CH2-CH2CI. 

— The pure dihyfiroxy-compound described above was dissolved in 
an excess of purified thionyl jhloride, and when the reaction was 
complete, the excess of the reagent was removed by heating on the 
water-bath under diminished pressure. The residue crystallised 
on cooling, and tlie colourles.s crystals were drained on porous 
earthenware in a desiccator over potassium hydroxide (Found : 
Cl = 304. C^HijCljS, requires Cl = 324 per cent.). The com- 
pound melts at o4°. Tho reactivity of the chlorine is similar to 
that found with ^(i'-dichlorodiethyl mono- and di-sulphides (com- 
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pare this vol., p. 424), and although no exact comparison has been 
made, the substance appears to have a distinctly stronger vesicant 
action than pp'-dichlorodiethyl sulphide. When attempts were 
made to recrystallise it from light petroleum, it became partly 
decomposed or hydrolysed (Found : Cl = 12-7 per cent.). 

Svlphido-bk-^-hydroxydiethyl SulpUde, 

StCHyCHj-S-CHyCHj-OH),. 

gp'.Dichlorodiethyl sulphide (o-3 grams) was added to a solution 

prepared from a slight excess over the calculated weights of mono- 
thiocthylene glycol and sodium in rectified spirit (20 c.c.), and 
the reaction was completed by heating on the water-bath for a few 
minutes until the alkalinity had disappeared. The solution, 
separated by filtration from the sodium chloride which had been 
precipitated, deposited a white solid on cooling. This was purified 
by crystallisation from hot acetone or methyl acetate, in which it 
was readily soluble, and was thus obtained as colourless plate.s, 
m. p. 91 — 92° (Found ; C — 39-2 ; H — 7-35. C'8Hjg0.2S3 requires 
C = 39'fi ; H — 7-45 ijer cent.). This substance is less readily 
soluble in water or alcohol than tlic disulphide described above. 
It resembles the latter in its behaviour when heated with concen- 
trated hydrochloric acid. When attempts were made to convert 
it into the corresponding dichloro-compound by the action of 
thionyl chloride, as with the dihydroxy-disulphide, a sudden evolu- 
tion of gas occurred on raising the temperature, owing to decom- 
position, and no definite compound was isolated. 

A diacelyl derivative was obtained by acetylation with acetic 
anhydride and sodium acetate as a white solid, m. p, 51° after 
crystallisation from light petroleum (Found : C 44-2 ; 11 — 6-69. 
C12H22O4S3 requires C = 44-2 ; H = C'70 per cent.). 

Condetmtioti of ilonolhioelhyhnt Olycol tiilh Chhro-i : 4- 
dinilrobenzene. 

When chloro-2 : 4-dimtrobenzenc was treated with a solution 
of the sodium salt of the monothioglycol (1 equivalent) in recti- 
fied spirit, the desired sulphide was produced in almost the calculated 
yield, provided that the solutions were mixed cold and the tempera- 
ture of the mixture was not allowed to rise rapidly. Otlicrwisc 
a violent reaction occurred, the solution became almost black, 
and a chocolate-brown solid subsequently crystallised, having 
m. p. 143°, which did not contain sulphur and was probably an 
azoxy-compound. When the reaction proceeded smoothly, the 
sodium chloride quickly separated as the temperature was gradually 
raised, and the reaction was completed by heating the solution 
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for a few minutes on the water-bath. The product was precipitated 
by pouring the solution into a large volume of water, and wue 
reerystallised from benzene. 

2 : i-Dinitrophenyl ^-kydroxyelhyl sulphide,, 
CsHaCNOeVS-CHj-CHj-OH, 

was thus obtained in bright yellow needles, m. p. 99 — 100° (Found • 
N=ll- 6: S = 12-G. CgHjOsNjS requires N = 11-5; S = IS-j 
per cent.). The substance is readily soluble in alcohol, but sparingly 
so in cold benzene. It is decomposed when heated with conepn. 
trated aqueous potassium hydro.xide, some diethylene disulphide 
being produced. It is unaffected by boiling concentrated hydro, 
chloric acid or by thionyl chloride. Fusion with plio!?phoru3 penta. 
chloride at once converts it into 2 : i-dinilrophmyl <^-chloroelhyl 
sulphide, C5H3(N02)2‘S'CH2-CH2C1, which crystallises from methyl 
alcohol in rectangular plates of a deep yellow colour, m. p. 9p 
(Found : Cl = 13'6. CjHyOiNjClS requires Cl = 1346 per cent.),* 

This chloro-compound, when boiled for half an hour with a large 
excess of .sodium cthoxide in alcoholic solution, did not yield the 
whole of its chlorine in the ionic condition. It does not combine 
with bromine in chloroform solution. When wanned for a feu- 
minutes with fuming nitric acid, it gave a sulphoxide which crystal- 
lised from methyl alcohol in brilliant yellow needles, m, p. 123’ 
(Found ; Cl = 12'lo. ('JIIJO3X2OI1S requires Cl = 12-31 per cent,)- 

2 ; i-DinilropheHt/l (.-bromoelhyl sulphide, obtained from the 
corresponding hydroxy-compound by the action of pliosphorns 
tribromide in benzene solution, crystallises from light petroleum in 
mmute, lemon-yellow plates, m. p. 91 — 92° (Found : Br = 25'9. 
CgH704N2BrS requires Br = 20-05 per cent.), and gives a sutpk- 
oxide, lemon-yellow needles from alcohol, m. p. 136° (Found; 
Br = 24-65. OgHjO^X^BrS requires Br = 24-75 per cent.). 

We wish to thank Messrs. Strange and Graham, Ltd,, for the 
facilities which they have afforded us for this work. 

The Chewic-VL Dep.\etment, 

Guv’s Hospit-vl Medical School, S.E.!. 50 City Road, K.C.I. 

[Received, September 2bth, 1921,] 

* In estimating halogens by the Robertson method (T., 1915, 107, 004), 
the use of 2 grams of sodium perborate is to be recommended in place of 
10 c.c. of hydrogen peroxide solution, as being more easily obtained free 
from chlorides. 
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CCXII — on the Synthesis of the Polyacetic 
Acids of Methane. Part IV. Gondiligns of 
Formation by the Cyanoacetic Ester Method of 
Stable Methanetriacetic Esters. 

By Christopher Kelk Ingodd and Edward Arthur Perren. 

Is Part I of this series (this vol., p. 341) attention has been directed 
to the difSoulty which in many instances attends the conversion 
of the mobile glutaconio esters into derivatives of methanetriacetic 
acid by condensation with ethyl cyanoacetate, and is to be traced 
to the permanence of the “ normal ” forms of the glutaconic 
esters. One of the purposes of the present paper is to show that 
by suitably applying the knowledge gathered by Thorpe and his 
collaborators regarding the conditions controlling the relative 
stability of the normal and unsaturated forms of the glutaconic 
esters it is possible to obtain condensation products of the desired 
type. 

It has been pointed out (foe. cil . ; Ingold and Thorpe, this vol., 
p, 493) that eriuilibrium between and speed of interconversion of 
the two forms of a glutaconic acid derivative arc fundamentally 
conditioned by substitution in the thrcc-carbon system, and that 
the permanence of the normal modification is dependent on 
symmetry, oc-Substitntion, therefore, since it is unsymmetrical 
substitution, although it may not much affect dynamic mobility, 
always tends greatly to reduce the permanence of the normal 
form and to shift the equilibrium in the direction favouring the 
unsaturated isomeride, whilst p-substitution, although not seriously 
altering the static relation between the two forms at equilibrium, 
invariably effects a considerable reduction in the speed of inter- 
conversion. The conditions which most facilitate the condensation 
of an equilibrated glutaconic ester with ethyl cyanoacetate to form 
a derivative of methanetriacetic acid arc [a] that the equilibrium 
should as far as possible favour the unsatuvated modification, 
(6) that the ester should be sufficiently mobile to regenerate the 
unsaturated form as fast as the condensation process removes it. 
Hence, of all the simpler, equilibrated esters of the glutaconic 
series, a-methylglutaconio ester should be that which will most 
readily react with ethyl cyanoacetate to form a product of the 
methanetriacetic acid type. Actually this is the case; equili- 
brated a-methylglutaconic ester (I) condenses with ethyl sodio- 
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cyanoacetate to give ethyl (u-cyano-a'-methylmethanetriacetate (Hj 
in almost quantitative yield : 


p-tT ^CMe-COjEt- 
^"a^CH-COjEt - 


- pxr/CHMe-COjEt 


(I) 


/CHMe-CO,Et 

->CHfCH(CN)-CaEt 

XCHa-COjEt 

(II.) 


In Part III (this vol., p. 1582) it was pointed out that of tli( 
comparatively few methanetriacetic esters which are capable of 
being formed from glutaconic esters by the cyanoacetic ester method 
a considerable proportion are unstable and decompose completely 
into smaller molecules under the conditions of their formation. 
The cause of these decompositions is the reversibility of the Michael 
reaction; the determining factors affecting particular cases are 
(largely, at any rate) spatial. Thus, certain methanetriacetic 
acid derivatives containing two or three branched acetic acid chahu 
attached to the methane carbon atom decompose, as we have 
shoivn {loc. cil.), according to the equation 

/CHX‘C02Et E+ 

CHf-CHY-CO,Et ClKpvrn ve + CH^Z-COjEt 

NcHZ-COjEt ■ 

(a retrograde Michael condensation, therefore) to an extent appar- 
ently determined by the space occupied by the branched chains, 
and therefore by the volumes of the groups X, Y, Z. The greater 
the volumes of the adjacent residues, the greater is the tendency 
towards decomposition into smaller molecules. Now, although 
the c.xact conditions necessary a,)d sufficient to determine this 
reaction can only be discovered by an extended research, it is 
apparent from the previous investigation that in methanetriacetic 
acid derivatives the existence of two branched acetic acid chains 
is a necessary circumstance. That, although necessary, it is not 
altt’ays sufficient is proved by the stability of the ester 11. Yet, 
one must observe, it the methyl group in this ester be replaced by 
a large group, for example, carbethoxyl, decomposition will ensue 
(with elimination of ethyl malonate) : 

CH^CHlcxl^^OjEt -> -)■ CH„(CO.Et),. 

XcHj'COjEt CH-OUjEt - - - 

Moreover, the difference of stability is not due to the impossibility 
of eliminating a residue, such as -CHMe-COjEt, as an ester (ethyl 
propionate) which cannot take part to any appreciable degree in 
a direct Michael condensation ; for the residue in question will be 
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readily extruded if a substituent be introduced into the third 
acetic acid chain {loc. cil .) : 


/CHMe-COjEt 

CHfCH(CN)-CO,Et 

XCHICNl-COjEt 


„„^CH(CN)-CO,Et 

^"^C(CN)-C02Et 


+ CHjMe-COjEt. 


The ester II, therefore, is one of the few amongst its analogues so 
constituted that in its preparation one escapes both the inhibiting 
circumstances ordinarily met witli. On complete hydrolysis it 
yields (D-mcthylmethanetriacetic acid {V), which may therefore be 
prepared in quantity by this method ; it has aheady been obtained 
by Skraup [Monatih,, 1900, 21 , 910) by the degradation of quinine 
via cinoholeuponic acid, Skraup also obtained the acid, in sufficient 
quantity to identify it with the substance derived from quinine, 
by hydrolysing the crude condensation product of a-mcthylglut- 
aconic and malonie esters, but in view of the capacity possessed 
by glutaeonio derivatives for yielding products of 1 ; 3-addition, 
no synthesis of this kind can be regarded as a proof of structure. 
We have, how'cver, definitely established the constitution of the 
acid, and therefore that of the ester (11), by proving the identity 
of the acid with that obtained by hydrolysing the ester (IV). This 
ester is prepared by methylating ethyl (»-eyanomefhanctriacctatc 
(111) (compare this vol., p. 352), and its constitution is not open 
to question. 


/CH{CN)'C02Et /CiIe(CN)-CO,Et /CHMe'CO,H 

CHfCHo-COjEt -> CH^CH,-CO,Et -> CH^CH.-CthH 
\CH;'C02Et \CHj-CO,Et NCHj-CO.H 

(IH.) (IV.)' (V.) ■ 

With this communication it is proposed to close for the present 
our examination of the conditions governing the synithesis of the 
methanepolyacetio acids by tlie cyanoacetic ester method ; to turn 
on the one hand to other methods of producing these acids, and 
on the other to what appear to be the logical consequences regarding 
llie circumstances controlling carbon-chain formation in general, 
of the clues which the investigation has afforded. 


Experimental. 

Condensaiioii of Ethyl <x-JIethylglut(KorMt ivith Ethyl Cymioacelale. 

Ethyl a-mcthylglutaconate (9 grams) was added to a suspension 
in ethyl alcohol of ethyl sodiocyanoacctate prepared by dissolving 
1 gram of sodium in 20 grams of ethyl alcohol and adding 5 grams 
ol ethyl cyanoacetate. When the mixture was heated on the 

3 s* 
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steam-bath, the ethyl sodiocyanoacetate rapidly dissolved 
another sodium compound separated from the brown solution 
After twenty-four hours, water was added, and the products were 
extracted by means of ether after acidification with hydrochloric 
acid. 

Elhjl iD-Cyano-i/-methylmahanetnacet(Ue (II). 

The extracted esters were separated into neutral and acid portions 
by washing the ethereal extract with sodium carbonate solution 
in the usual manner, and the neutral fraction was distilled under 
diminished pres.surc. The ester was thus obtained as a colourless 
oil, b. p. 218 — 322°/22 mm. The yield was 11 grams, and a further 
quantity was obtained by esterifying the acid condensation product 
by means of ethyl alcohol (Found : C = 57-2 ; H = 7-3. CjjHjjOjX 
requires C = 57-5; H = 7'3 per cent.). 

ui-31eihylmcllui!ielriacetic Acid (V). 

The ester was mixed with an equal volume of cold concentrated 
sulphuric acid, and, after keeping for one hour, with a similar 
amount of water. The whole was boiled until carbon dioxide 
ceased to be expelled, more water was then added, and flie hoiling 
was continued for five hours, the condenser being removed from 
time to time to facilitate the escape of ethyl alcohol. The product 
of hydrolysis was extracted by jiure ether, and was recovered by 
evaporating the solvent as a colourles,s syrup, which, on touching 
with a glass rod, immediately set to a cake of crystals with evolution 
of heat. It separated from ethyl acetate in prisms, m, p. 138— 
139° (i’ounJ; C = 47-l; H = 0-1. Calc., C = 47d ; H = 5'9 
per cent.). Its identity with the acid obtained (this vol., p. 1600) 
by hydrolysing the methylation product of ethyl w-cyanomethanc- 
triacetate was conclusively established by directly comparing the 
tw'o substances and by a mixed-melting point determination. 

We arc much indebted to Professor J. F. Thorpe for his helpful 
interest and to the Chemical Society for a large contribution to 
the cost of this work. 

Imtekial College or Sciexce and Techkoloov, 

South Kensington, S.W.7. IBeceived, September 33rd, 1921.] 
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CCXIII - — Experiments on the Synthesis of the Polyacetic 
Acids of Methane. Part V. The Preparation of 
Carhoxymethanetriacetic Acid. 


By Chbistopheb Kelk Ingold and Walter James Powell. 


The synthesis of the mcthanepolyaeetic aeids by the cyanoacetic 
eater methodj although it has been successful in certain directions, 
is controlled by circumstances winch effectively prevent the pre- 
paration of some of the desired substances. It has therefore 
become necessary to discover other methods of synthe.sis. 

Since the methanepolyacetie acids are retpuired for the prepara- 
tion of associated alicyelic compounds, the number of methods 
available is necessarily restricted ; when large amounts are needed, 
the method of production should be both rapid and inexpensive. 

cycloHexane-l : 1-diacetio acid, the preparation of which in 
quantity from ci/ciohexanono and ethyl cyanoacetato has been 
standardised in this laboratory, on, oxidation under conditions 
which bring about the fission of the cyclohexane ring, might give 
the Cg-aoid (I) and one or both of the two possible Co-acids (11) 
and (III) : 


COjHjCHgVg, 


COgH-' 


(I.) 


CHg-CO-H 
■CHj-COjH 


COjH-CHjXp^CH.-COgH 


COjH'CHj-CH,- 




(in.) 


( 11 .) 
CHvCO^H 


Carboxymethanctriacetic acid (I), and methanetetra-acetic acid 
(II), the preparation of whicli formed part of the original program 
of the research (this vol., p. 341), have not yet been obtained, and 
it Tvould appear that, provided the correct experimental conditions 
can be found, the oxidation of cycfobcxane-l : 1-diacetic acid should 
afford an extremely simple and direct method for the production 
of these substances. 

Our experiments have been concerned mainly with the action 
of hot alkaline permanganate on cycfohexane-1 ; l-diacetio acid, 
and we have succeeded in producing by this means an acid of the 
formula Unfortunately, however, we have been unable 

to determine which of the two possible formulae (11 and III) expresses 
its constitution, for the reason that the conditions of its formation 
appear to lie between extremely narrow limits, and we have not 
yet discovered how to standardise them sufficiently to enable a 

3s*2 
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satisfactory quantity of the substance to be prepared. On tlie 
other hand, we have found that by employing more concentrataj 
permanganate it is possible to obtain an excellent yield of a tetia 
basic acid, CgHjoOg, which can only be the required carboxy 
methanetriacctio acid (I). 

It is fortunate that the handling of bulky solutions, unavoidable 
in caiTying out permanganate oxidations with even moderately 
arge quantities of material, does not constitute a difficulty in the 
preparation of carboxymethanetriacetic acid by this method; for 
in the large-scale laboratory recently erected in this College the 
manipulation of considerable volumes has become an easy matter 
The method, therefore, appears to satisfy all the conditions imposed 
by the object xvith which it was elaborated. 

Carboxymethanetriacetic acid (I) may also be obtained by 
oxidising cyctopentane-1 : 1-diacetic acid : 

CH,-CH, CH^-CO^H CO,H-CHo. CH^-CO^H 

CH,-CH2-^'^‘^CH2-C02H ■ ■ COjH-^'^^CHj-COoH 

but an acid CoHijOj could not be i.solated from the product. 

Experimental. 

(d) Oxidation of cychHexaneA : l-ifi«cciic Acid. 

A considerable number of experiments have been carried out 
with a view to obtain information regarding the effect of ereperi- 
mental conditions on the decomposition of C)/cfohexane-l : 1-diacetic 
acid by alkaline permanganate, the variable factors the influence 
of which baa been studied being {a) initial concentration of per- 
manganate, (6) excess quantity of permanganate, (c) temperature, 
((f) time. The experiments wore conducted in thermostats and 
the conditions controlled with all possible care. In this way it 
w'aa shown that : 

(i) within the range covered by the experiments, the two acids 
described below are the only two substances produced besides 
carbon dioxide and water. 

(ii) by correctly regulating the conditions, carboxymethaiie- 
triacetic acid becomes the s(.ie crystalline product. 


The Acid CaHijO, (II or III). 

This acid was isolated from the products of experiments in which 
a 50 per cent, excess of 3 fier cent, potassium permanganate W'as 
employed, the temperature being that of the steam-bath and the 
time allowed fifteen hours. W e are unable to make a jH'ecise state- 
ment of the conditions most favourable to its production, since 
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the yield, although sometimes amounting to 30 per cent, of the 
theoretical, was extremely variable and appeared to be influenced 
by some circumstance other than those which we sought to control. 
The acid was isolated from the solution in the way described in 
connexion with the jireparation of carboxymethanetriacetic acid 
(below), and was separated from the unchanged cycZohcxanc-l ; 1- 
(liaoetio acid, which always accompanied it, by triturating with 
cold water (in which the diacetic acid is almost insoluble). It was 
purified by crystallisation from a mixture of chloroform and ether, 
from which it separated in dense prisms, m. p. 120° (decomp.) 
(Found: C = 43-3; H = 5-2. fjHjjOg requires C = 43-5; 
H = 4-9 per cent.). 

The acid cannot be titrated satisfactorily and in this respect it 
resembles the carboxymethanetriacetic atdd de,scribed below; 
indeed, this appears to be a property of many polybasio aliphatic 
acids and especially of those which readily form anhydrides. How- 
ever, the results obtained clearly indicated that the acid was tetra- 
hasio. The acid also resembles carboxymethanetriacetic acid in 
its extreme solubility in water, its capacity for separating with 
water of crystallisation, and in the insolubility of its barium salt; 
there can, we think, be no doubt that the two substances have closely 
analogous constitutions. 

Carhoxijmcikanctriacclk Acid (I). 

Carboxymethanetriacetic acid is always formed to some extent 
when cyclohexane- 1 ; i-diacctic acid i.s oxidised by alkaline per- 
manganate. The limits of successful experiment, however, are not 
widely separated, as under mild conditions, for example, those 
made use of in the preparation of the acid (above), a con- 

siderable quantity of cycWiexancdiacetic acid is usually left un- 
attacked, whilst if the conditions be too drastic, for instance, if 
a 150 per cent. exce.ss of 7 per cent, permanganate, be employed at 
103° for twenty-four hours, a large proportion of the material will 
be converted into carbon dioxide and water. The crystalline 
product in these circum.stances consists solely of carboxymethane- 
triacetic acid, but the yield is corresiiondingly poor. The foUoiving 
conditions are the best that we have so far found for the preparation 
of carboxymethanetriacetic acid in quantity. 

I’S Kilograms of potassium permanganate w'ere dissolved in 
25 litres of water at 80° contained in a steam-heated, enamelled iron 
pan, and 106 grams of sodium carbonate followed by 200 gram.s of 
cycfohexanediacetic acid were gradually added. The total volume 
was then made up to 30 litres by the addition of hot water, and the 
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supply of steam entering the jacket of the pan was so regulatoj 
that the temperature remained at 80° for ten hours while the soln. 
tion was continuously stirred in order to prevent the mangaaesj 
dioxide collecting on the sides and bottom of the pan and disturhino 
the temperature equilibrium. The steam supply was turned o5 
over-night, but on the next day the stirring and heating 
recommenced, and the temperature of the solution was again 
maintained at 80° for ten hours. On the third day, the cooled 
solution was acidified by adding 1-5 litres of concentrated hydro, 
chloric acid, and was then treated with a stream of sulphur dioreide 
until the excess of permanganate had been reduced and the man. 
ganese oxides completely dissolved. The clear solution was con- 
centrated to a small hulk, cooled, and filtered. The solid portion 
was washed with cold water and dried in a vacuum at 100°, but it 
was found to contain no appreciable quantity of organic matter, 
The filtrate was evaporated completely, and the residue dried a 
vacuum-ovens, ground in a mill, and extracted with hot acetone, 
from which, on evaporation, the acid was obtained as a sjTup 
which gradually set to a hard, crystalline cake. The yield of crude 
acid was 1C5 grams (70 per cent, of the theoretical). It is not 
decreased by a considerable increase in the scale of the experiment. 

Purification was effected through the ethyl ester, which was 
prepared as described below, purified by distillation, and rehydro- 
lysed by boiling with hydrochloric acid until no more alcohol wa,5 
evolved and then evaporating on a water-bath. The yield of pure 
acid was 50 per cent, of the theoretical. 

The. Monohjdrate.—Thc, pure acid crystallises from very con- 
centrated aqueoms solution in needles, melting with decompo.sitioii 
at 181°, and containing one molecule of water of crystallisation 
(Found ’: C = 38-3; H = 4-75. CsIIioOj.HaO requires C -- 38'1; 
H = 4-75 per cent.). On keejung in a dry atrnosphere, part of 
the water of crystalhsation is rapidly lost. 

The Anhydrous Acid . — The liydratc was heated for two hours at 
120“ and the residue rccrystallised from a mixture of acetone and 
chloroform, from which the anhydrous acid separated in minute 
crystals melting with dccoir position at 208 — 210° (Found : C = tO " ; 
H = 4-5. CgHioOg requires C = 41-0; H = 4 3 per cent.), 

The Barium ,Solto.— The acid forms a very characteristic barium 
salt, which, although it sejiaratcs wdth water of crystallisation, is 
exceedingly insoluble in hot or cold water and can he precipitated 
by adding aqueous barium hydroxide to a solution of the am- 
monium salt even at considerable dilutions. The. precipitate, aftef 
drying at 95°, consists of the trihydrale (Found: Ba = 48’9. 
CsHjOsBao.SHaO requires Ba = 49-1 per cent.), but if it be dna 
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to constant weight at 160°, the ■moiwlydrale will be obtained 
(Found : Ba = 52’45. CgHgOgBa^.H^O requires Ba — 52*5 per 
cent.). Th® anhydrous salt is formed when either of the hydrates 
is heated to constant weight .at 220° (Found: Ba = 54*l. 
CjHjOgBag requires Ba = 54*3 per cent.). 

Ethyl Carboxymelhandriacehile. 

Carboxymethanetriaoctic acid is not readily converted into its 
tetraethyl ester by the ordinary methods of esterification, and the 
following process was therefore resorted to. The crude acid (165 
grams) was mixed with 400 c.c. of ethyl alcohol and 50 e.c. of con- 
centrated sulphuric acid in a flask fitted with a 10 cm. -fractionating 
column and a condenser. A stream of ethyl alcohol vapour was 
passed into the flask, which wa,s kept in an oil-bath at 120° until 
4 litres of distillate had collected. The reaction mixture was then 
cooled and poured into ice-cold water, and the esters were extracted 
by means of ether, separated from acid products by sodium carbon- 
ate solution in the usual manner, and purified by distillation under 
diminished pressure. In thi.s way 156 grams of the pure ester, 
b. p. 208°/15 mm. (Found: C = 5.0*3; H -= 7*5. CuH^gOg 
requires C = 55*5 ; H = 7*5 per cent.), were obtained together with 
a small amount of “ low fraction,” consisting largely of the same 
substance, and 10 grams of a mixture of acid esters which yielded 
the same carboxymethanetriacetic acid on hydrolysis. 

This substance was prepared by boiling the acid (or its mono- 
hydrate) with an excess of acetic anhydride, for one hour, and dis- 
tilUng off the acetic acid under diminished pressure at 100°. The 
residue solidified on keeping, and the solid, after recrystallisation 
from acetone, melted at 223° with slight decomposition. It was 
insoluble in water, but dissolved slowly in sodium carbonate solu- 
tion, forming sodium carboxymethanetriacctate (Found : C = 48*1 ; 
H = 3*2. CgHgOg requires C = 48*5 ; H -= 3-0 per cent.). 

It will be observed that this anhydride melts at a higher tem- 
perature than the corresponding acid, a circumstance which is 
very unusual, but not unknow’n ; two other instances of the same 
phenomenon are afforded by fiP-dimethylglutaric and camphoric 
anhydrides. 

{B) Oxidation of eycloPenlane-l : \-diacelic Acid. 

Very little need be said regarding our experiments on the oxida- 
tion of cj/clopentane-l : 1-diacetic acid, since the method of working 
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was the same as that already described in connexion with the 
oxidation of its ring-homologue and the sole product was the 
carboxymethanetriacetic acid already dealt with. It should he 
noted, however, that the acid CjHijOg appeared not to be produced 
under any of the conditions used, and also, for it is of theoretical 
interest in connexion with a modification of the “ Spannungs- 
theorie ” recently suggested (Ingold, this vol., p. 305), that so far 
as we could judge there is no considerable difference in the ease of 
fission by oxidation of the homocyclic rings present in cyclopentauc- 
and cycfohexane-1 : 1-diacetic acids. 

We are greatly indebted to Professor J. F. Thorpe for the interest 
which he has taken in thi.s work and also for much valuable advice. 
We wish to thank the Chemical Society for a grant which has 
defrayed a large part of the cost of the investigation. 

1.MPERI.U. College or Science .vxd Technology, 

South Kensington, S.W.7. [Heceived, September 23/-if, 1821.] 


CQ'Siy —Dicliloroacelales and Chlordbromoacetates from 
a^-DicMorovinyl Ethyl Ether. 

By Holland Cro.mpton and Phyllis Mary Triffitt. 

Chlorine is readily absorbed by «p-dichlorovinyl ethyl ether at 
the ordinary temperature. If care is taken to exclude moisture, 
the product, on heating, or on keeping for some time, breaks up 
into dichloroacctyl chloride and ethyl chloride, 

CHCl.’CCl-OEt -L Clj = CHClyCOCl + EtCl. 

If water is added, or if the product is left expo.scd to the air, when 
moisture nill he absorbed, on heating or on keeping hydrogen 
chloride is evolved, and on distillation ethyl dichloroacetate is 
obtained in almost theoretical yield, 

CHCKCCl-OEt + CI.J I- HjO = CHClj-CO^Et + 2HCI, 

The action of bromine on ocj-dichlorovinyl ethyl ether is similar 
to that of chlorine. With perfectly dry materials and careful 
exclusion of water, chlorohromoacetyl chloride, b. p. 138—139 , 
and ethyl bromide are obtaineil. If free access of moisture, is 
allowed, ethyl chlorobromoacetatc, b. p. 174°, df 1-5890, is pro- 
duced, along with hydrogen chloride and hydrogen bromide. 

From the behaviour of chlorinated and hrominated dichloro- 
vinyl ethyl ether with water, it seemed likely that the substitution 
of alcohols or phenols for water in the above reactions would lead 
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to the production of esters of diehloroacetie and chlorobromoacetic 
acids. This was found to hold for ethyl and amyl alcohols and 
for a number of phenols. Aryl dichloroacetates and chlorobromo- 
acctatcs are usually solids at the ordinary temperature, crystallising 
readily from the reaction product and obtainable in good yield. 

Corresponding aryl dichloroacetates and chlorobromoacetates 
appear to be isomorphous and to form mixed crystals with one 
another in all proportions. The melting points of these compounds 
are also almost identical, the replacement of a chlorine atom in 
the dichloroaoetate by a bromine atom having only a .slight effect 
on the melting point. This is shown in the case of the phenyl 
derivatives. 

Phenyl dichloroacetate, m. p. 48°, b. p. 247-5° (corr.), df 1-2991. 

Phenyl chlorobromoacetate, m.p.46-5°, b.p. 266° (corr.), df 1-5311. 

The melting points are those determined in the ordinary way. 
The solidifying or freezing points of these eompound.s, and of their 


mixtures with one 
tlie following table : 

another in varying proportions. 

are given 

Molecular percentage of 

Freezing Pointfs. 

Dichloroacetate. 

Chlorobromoacetate. 

Obs. 

Cal. 

100 

0 

40-25'^ 

... 

91-7 

8-3 

450 

400 

83-1 

100 

40o 

45-8 

75-3 

24-7 

4o0 

45-0 

56-3 

43-7 

14 7 

451 

31-9 

b81 

44-2 

44-0 

20-0 

800 

44*05 

44-2 

9-S 

!)0-2 

43*9 

41*0 

0 

100 

43*7 



The numbers given in the last column arc those calculated on the 
assumption that the freezing points of the mi.\-turea, when plotted 
against molecular percentages, lie on a straight line connecting 
the freezing points of the two components. As is usual in cases of 
this kind, the observed values arc slightly lower than the calculated. 

In the other cases examined it was not found possible to detect 
a difference between the melting points of corresponding aryl 
compounds determined in the usual avay. These cases were : 

p-Tolyl dichloroacetate and chlorobromoacetate, m. p. 58°. 

fi-Naphthyl dichloroacetate and chlorobromoacetate, m.p. 92— 93°. 

Quinol hisdichloroaeetate and hischlorobromoacctate, m. p. 
123-124°. 

The corresponding compounds can be mixed with one another 
in any proportion with no appreciable effect on the melting point. 

Bedpocd College, 

Regest’s Pahk, S.W.l. 


[Rcccfi-cd, October lith, 1921.] 
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COXV . — Valency and Co-ordination, 

By Samuel Henry Clifford Briggs. 

As ail attempt has recently been made to show that Werner', 
conception of co-ordination is of a more fundamental character 
than hitherto supposed (Briggs, Phil. Mag., 1921, 42, 448)^ jj 
seems desirable to refer to some criticisms of Werner’s vieivs 
brought forward by Rhodes (Chem. News, 1921, 122, 85, 97) 
by Friend (this vol., p. 1042). 

(1) Rhodes objects to Werner’s formula for ammonium chloride 
chiefly on the ground that the position of the chlorine in (XH,)C1 
suggests instability, the chlorine being combined with the comples 
as a whole rather than with an individual atom in the complej, 
When it is remembered, however, that the ammonium radicle and 
the chloride ion possc.ss equal and opposite electrical charges, tie 
stability of the compound is not difficult to understand. 

Friend suggests that ammonium chloride exists in two forms 

(1) HjiX ^ Cl’H and (2) -3 N 3 


According to Werner (“ Neuere Anschauungen aiif dem Gebietedei 
anorganisohen Chemic,” 3rd. cd., p. 248) “. . . die Entstehung von 
Chlorammonium folgenderniasscn wiederzugeben ist 


H- 


H >■ -)- HCl 

If/ 


H )n-HC] 

h/ 


. . . und da es unwahrscheinlich ist dass ein Wasserstoffatom diirch 
einen anderen Affinitatsbetrag an Stickstoff gekettet ist als die drei 
anderen, so wird sieh ira Afliiiitatsausgicieh ein Endzustand heraus- 
bilden, bei dem samtliche Wasserstoffatome duroh gleiohe Affini- 
tatsbetrage an dem Stickstoff gebunden sind. Das Ammonium 
ist hiernaeh ein komple.ves Radical, NHj, in dem ein zentrales 
Stickstoffatora vier Wasscrsloffatome jedes mit glcichem Affinitiits- 
betrag, bindet .... Strukturchemisch ist das Chlorammonium 
deshalb durch folgendes Symbol wiederzugeben 

: H- -H'l 
N iCl” (2) 

H- -H i 

The existence of ammonium chloride in two forms is therefore 
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quite possible on Werner’s theory, but Werner’s formula ( 2 ) appears 
preferable to IViend’s second formula, because the chlorine atom is 
ioiiisable, whereas the hydrogen atoms are not. 

( 2 ) In the writer’s opinion, Werner’s formula for the carbonate- 
pentamminecobaltic salts is not a violation of the co-ordination 
theory, as suggested by Friend. One of the negatively-charged 
ci.rygen atoms of the carbonate ion is linked to the cobalt and the 
other charged atom is not linked up and will therefore be analogous 
to a charged atom (anion) outside the complex, as shorvn in Werner’s 
formula. The carbonato-radicle, however, will not give free car- 
bonate ions in solution owing to the non-ionisabie union of one 
oxygen atotn with the central cobalt atom. 

(3) The shell theory .suggested by Friend for complex compounds 
is open to criticism on the following grounds. 

(s) If the ammonia molecules in Co( 6 NH 3 )Clj and {Co 6 NH 3 )Cl 2 
are not attached to the cobalt atom, hut are linked up to each 
other to make a shell, there is no apparent reason for the great 
difference in stability of the compounds. But if they are attached 
to the cobalt as required by Werner’s theory, it follows from the 
electrical theory of the atom that the cobaltic compound is more 
stable than the cobaltous salt, a,s is actually the case (Briggs, T., 
1917, 111 , 253), 

( 6 ) On Friend’s shell theory, there is no explanation of Werner's 
maximum co-ordination numbers 4, 0, 8 (and 12). The writer has 
shown, however, that if the co-ordinated atoms or groups are 
directly attached to the central atom as required by Werner, then 
the maximum co-ordination numbers follow on geometrical grounds 
from Rutherford’s theory of the atom with a positive nucleus 
(T,, 1919, 115 , 278). 

(f) Friend’s shell theory, wlien applied to the salts of complex 
adds, requires isomerism duo to differences in the points of attach- 
ment of the positive atoms. Tlie writer held the view that such 
isomerism might be possible in a paper on duplex affinity published 
some years ago, formula I being given to potassium platinichloride 
(T,, 1908, 93 , 1564). In later papens, tlie theory was developed 
further on the assumption that positive affinity is a tendency to 
lose electrons, and negative affinity a tendency to attract electrons. 
With .such an assumption we can only e.xpect that in the complex 
ion PtCla the, chlorine atoms will all become electrically equal, 
and that consequently the potassium atoms will be united to the 
complex as a whole, as seen informula II and as required by Werner’s 
theory, instead of to distinct chlorine atoms, as shown in formula I 
and as is also required by Friend’s theory. Stereoisomerism should 
not therefore be possible. 
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^ K;(Pt"" ci; ■->) 

(II.) 

The question can, however, be decided only by experimental 
investigation, and the writer hag been engaged for some years in 
the study of such supposed cases of isomerism. It has been already 
shown that Marignae’s second form of potassium stannifluoride 
is potassium hydroxopcntafluorostanncate, KjlSnJfjOH) {Zeitsch, 
anorg. Chm., 1913, 82, 441), that Locke and Edwards’s second 
form of potassium ferricyanide is a compound of the formula 
3K3Ee(CN)5,K2[Fe(CN)5H.,0], and that the second form of potass- 
ium ferrocyanidc ob.scrved by the nriter is the ordinary ferrocyanide 
containing a trace of aquopentacyanoferroate (T., 1920, 117, 1026], 
The remaining oases of the two aquopentaclilororutheniate.s and the 
two hexachlororutheneates are now being investigated. It has been 
found that the formula for the first pair of isomerides is not 
KjRuClj.HjO, but 2K2EuCl5,3H20, and it will be shown in a 
subsequent paper that these can be brought into agreement with 
Werner's theory. The existence of two salts of tlie formula 
KjRuClj appears doubtful, but the investigation is not yet 
completed. 

(d) The difficulty of Friend’s shell theory, and indeed of all other 
valency theories in dealing with strong electrolytes, is apparent if 
we consider a crystal of sodium chloride in which every sodium ion 
is surrounded by six chloride ions, and every chloride ion by six 
sodium ions. It is difficult to imagine a system of two interpenetrat- 
ing shell lattices, one made up of positively charged sodium atoms 
linked to each other, and the other of negatively charged chlorine 
atoms united together. On the other hand, if we write a valency 
formula with each sodium ioii united to six chloride ions, and each 
chloride ion linked to six sodium ions, as is actually the case, then 
we must either assume that chlorine and .sodium are both sexavalent, 
or that they each possess .six partial valencies, the six being equal 
to one whole valency. Werner’s co-ordination theory is much more 
satisfactory than any valency theory in this respect, and cm be 
applied to such crystal structures (Pfeiffer, Zeitsch. anorg. Chm., 
1915,92,376; 1916,97,161). 

(4) Friend’s free valency and residual valency and Thomson s 
ionised valency and non-ionised valency really represent two 
extreme types of combination, as is emphasised by Friend (he. cil, 
p. 1043) (compare Briggs, T., 1917, 111 , 267). The same argument 
applies equally to Langmuir’s clean-cut division of valency mto 


= C1 

-V KCl — p, Cl 
> KCl — Cl 
= C1 
(I-) 
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ekdi’Otalaice., in which the charged atoms are held together by 
electrostatic force, and co-vahnce, in which the atoms are united 
owing fn sharing of electrons. Since the electrons are united 
to the kernel of an atom by electrostatic force, it would appear that 
electrostatic attraction between two charged atoms, that is, electro- 
valence, involves the sharing of electrons, and the distinction 
between electrovalence and co-valence is therefore one of degree 
rather than of kind. Co-valence represents a condition in which 
electrons are shared equally between two atoms, and clcctrovalenco 
a condition of unequal sharing, the more unequal the sharing of 
the electrons the greater the tendency of the compound to undergo 
electrolytic dissociation. 

[Rfceired, October \2tli, 1921.] 


CCXVI . — Stvdwi in the n-Butyl Series. Part I. 
Aryl n-Propyl Ketones. 

By Gilbert T. Moroan and Wilfred John Hickinbottom. 

The industrial development during recent years of a fermentation 
yielding Ji-butyl alcohol has rendered available considerable 
amounts of this alcohol, for which .sufficient use has not hitherto 
been found. A consideration of the problem of the utilisation of 
this product leads to the conclusion that the solution lies in the 
employment of derivatives of «-butyl alcohol rather than in its use 
as a substitute for fusel oil. It is from this point of view that we 
have examined the propierties of certain n-butyl compounds derived 
hy practicable processes from n-bufyl alcohol. 

The influence of butyl and butyryl groups in enhancing the odour 
of chemical substance-s is well known, and aryl derivatives con- 
taining these osmophoric radicles have been prepared and examined. 
On comparing the odours of the substituted «-butylbep:;ene with 
those of the corresponebng derivatives of phenyl «-propyl ketones, 
it is noticed that the odour diminishes in intensity on passing from 
the hydrocarbon to the ketone. This is particularly noticeable 
with the nitro-derivatives. ‘i-Nitrophniyl a-propyl Ixlone, for 
instance, is almost inodorous, whilst the nitro-n-butylbenzenes and 
2-nitro-l : i-di-n-bulylbenzem have characteristic odours. Orienta- 
tion has its effect, for 'Z-nilrophenyl n-propyl ketone has a pleasant 
odour, which is, however, less fragant than that of the corresponding 
nitro-derivativc of n-butylbcnzeiie. 
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This contrast is not in accordance with the osmophoric theory oj 
Rupe and Majewski {Ber., 1900, 33, 3401; compare also Kliment 
“ Die Synthetisohe und Isolierten Aromatica ”), for it might he 
expected that the presence of two osmophores, — CO'CHj— and 
— NO 3 , would give rise to a substance having an odour at least 
as intense as that of the nitrohydrocarbon. This anomaly is 
expUeable on the assumption that in the aromatic series the effect 
of an osmophoric grouping is variable, depending, among other 
factors, on the presence of other osmophores in the molecule and 
also on their relative positions, so that the odour of a compound 
containing more than one osmophoric group in its molecule may hj 
either increased or diminished as the orientation of the substituent 
varies. This influence of orientation is illustrated by a comparison 
of the odours of various derivatives of phenyl w-propyl ketone. 
Sub.stitution in the »ic(a-posifiou yields, as a rule, suh.staucos with 
faint odours, whilst the corresponding ortJo-oompounds generally 
possess powerful and characteristic odours. It is noteworthy that 
2 -aminophenyl u-propyl ketone, which is an odoriferous substance, 
contains the grouping characteristic of methyl anthranilate, 

, where R = 0,11, or •O-CH, (compare Rupe and 
\/'C0R 

Majewski, Ber., 1900, 33, 3401). 

Butyryl chloride was condensed in turn with benzene, oliloro- 
benzene, and ni-.xylcnc; the resulting ketones were converted 
successively into their nitro- and amino-derivatives. In the case 
of phenyl Ji-propyl ketone (II) nitration follows the mete-law of 
substitution, the mete-nitro-compound (III) is the main product, 
but the formation of a small proportion of the orliio-nitro-dorivativc 


’) was noticed. 

CO-CjH, 

co-cyi. 

CO-CjH, 

CO-CjH, 

/Nno-’ 

/\ 

/\ 

/\ 

1 ! 

1 1 ■ 

\/ 

1 1 
\/ 

IJn-o. ^ 

1 Ink 

! (I-) 
i 

(11.) 

(UI.) 

1 (IV.) 

4 

CO'CgHj 

CO-CsH, 

CO-CaH, 

CO-CsH. 


/>K 

/\ 

1 1(^1 

/\ 

1 JoH 

\/ 

\/ 


\/ 

(V.) 

(VI.) 

(VII.) 

(VIII.) 


With p-chlorophenyl n-propt/l ketone (IX) the nitro-group enters 
exclusively the ortAo-position with respect to chlorine, yielding 
i-cMoro-^-nitrophenyl n-propyl ketone (X). 
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CO'C 

I 3 H, CO'CjH, 

CO-CjH, 

/\ 

/\ 

A 


U 


^ Inh 

Cl 

Cl 

Cl 


/ (IX.) 

• \ (X-) \ 

(XI.) 

\ 

/ 


A 

\ 

CHICH-CjHj 

.CH 2 -[CH,],-CH 3 

CO-CaH, 

cO'Cy 

/\ 

A 

/\ 

0 

Cl 


JNO3 

1 Ici 

\/U 

Cl 

OH 

Cl 

(.XII.) 

(XIII.) 

(XTV.) 

(XV.) 


In the case of m-4-xylyl n-propyl ketone (butyro-2 : 4-diniethyl- 
phcnoiie, XVI), nitration occurs as with the parent aromatic 
hydrocarbon, m-xylene; the main product is <S-nilro-m-i-xi/ltjl 
n-propyl ketone (XVII), whereas 2-nitro-m-4-xi/hjl n-propyl ketone 
(XIX) is formed in smaller proportion. Further nitration leads to 
2 : Minitro-m-i-xylyl n-propyl ketone (XX). 



(XIX.) (XX.) 


CO-CsH, 



CH3 

I (xvm.) 
4 


CO-CjH, 



CH, 

(XXL) 


111 the foregoing condensations to form mixed ketones the intro- 
duction of the butyryl group into the benzene ring through the 
agency of the Friedel and Crafts reaction occurs much more smoothly 
than the substitution of a butyl group for chlorine by the Fittig 
reaction in the formation of p-di-n-bvtylbenzene (XXII) from 
p-dichlorobenzene. 




V 


(fe2-[CH,]3-CH3 

(XXII.) (xxiii.) 
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Accordingly, the mixed ketones have been submitted to a mnpj 
detailed examination. 


Experimental. 

I. Phenyl n-Propyl Ketone. 

Phenyl n-propyl ketone was prepared in a 69 per cent, yield h? 
the interaction of n-butyi-yl chloride * and an excess of benzene 
in presence of aluminium chloride. Phenyl n-propyl ketone wag 
characterised by its p-nilropkenylhydraione, which separated from 
glacial acetic acid in orange-red, prismatic needles having a metallic 
blue reflex; it melted at 163° (Found : N = 1513. CjgHj.O.X 
requires N = 14-84 per cent.). ' * ’ 

1. Nitration in Aceb’e Anhydride. Z-Nilrophenyl n-Propijl Ketone 
(III). — Phenyl Ji-propyl ketone (5-2 grams) was cautiously added 
with continuous stirring to 33 grams of fuming nitric acid mised 
with 32 grams of acetic anhydride, the temperature being maintained 
below 5°. After half an hour, the nitration mixture was poured on 
to crushed ice, when crude 3-nitropheuyl »-propyl ketone was 
precipitated as a white, curdy .solid, which was pressed from oilv 
by-producl.s. The nitrated ketone separated from warm alcohol 
in white, brittle plates melting at 01° (Found : C = 61-73; 
N = 7-53. CjjHuOjN requires C = 62-lo; N = 7-25 per cent,). 
It was not readily soluble in light petroleum or cold alcohol, but 
more readily so in ether or chloroform. T-Nitrophenyl li-propvl 
ketone was o.xidi.sed to ;/r-nilroben-zoie acid on heating with chromic 
acid or potassium permanganate in presence of dilute sulphuric 
acid; it yielded a phenylhjdrazone. crystallising from alcohol in 
orange-red masses of small needles melting at 103°. The p-nifro- 
phenylhydrazone was deposited from warm glacial acetic acid in 
minute, pale yellow cry.stals melting at 20.5° (Found : N = 17-23. 
''leHioOiXi requires N — 17-07 per cent.). 

2-Nitrophcnyl ii-Propyl Ketone (I). 

The oily filtrates and wa..hing.s from the 3-nitro-compound were 
repeatedly extracted with ether to remove the liquid product of 
the nitration. The ethereal extract was washed with aqueous 
sodium hydro.xidc .solution and the solvent evaporated. The 
residual oil contained a mixture of the 2- and 3-nitro-compounds, 
from which the greater part of the solid isomeride was removed by 
freezing. There was not sufficient material available to attempt 

* Oiir thankg are clue to Captain Desborough, of the Royal Naval Cordite 
Factory, for the n-butyl alcohol required in this investigation. 
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the lengthy fractionation under diminished pressure which appeared 
necessary to isolate the orfAo-nitro-compound in a pure state, and 
recourse was made to the diiterenoe in behaviour of the isomerides 
with p-nitrophenylhydrazine. Crude 2-mtrophcnyl n-propyl ketone 
was heated in a boiling water-bath with three-fifths of its weight 
of p-nitrophenylhydrazine in alcoholic solution. A dark red oil 
resulted which slowly deposited the p-nitropheuylliydrazonc of the 
3 -iiitro-compound as a reddish-yellow solid. The .separation was 
hastened hy treatment with dry ether, when, on submitting the 
residue to distillation in a current of steam, a pale yellow oil passed 
over, which was subjected to further treatment with p-nitroiihenyl- 
hydrazine. It was finally purified by two steam distillations in 
presence of dilute hydrochloric acid. By these means ■2-nitro'phen’jl 
ihpropyl ketone was obtained as a pale yellow oil having a sweet 
odour resembling to some extent that of nitrobenzene (Bound : 
N = 7-01. CioHjiOjN requires N - 7-2o per cent.). 

In the nitration of phenyl ?i-propyl ketone with nitric acid and 
acetic anhydride, the yield of mixed nitro-compounds after removing 
uonitroso-oompounds and oxidation products amounted to 97 — 98 
per cent, of the calculated amount. 

2. yUration in Sulphuric Acid.— A mixture of M to 1-2 molecular 
proportions of nitric acid {d 1-42) and concentrated sulphuric acid 
(18 grams) was added with continuous .stirring to phenyl n-propyl 
ketone (54 grams) dissolved in 00 grams of concentrated sulphuric 
acid, the temperature being maintained below 5° throughout the 
oiieration. The mixture was left at 0° for about two hours and then 
poured on to ice. The isolation of 3-iiilrophenyl K-propyl ketone 
was effected as in the preceding preparation. 

Z-Aminophenyl n-propyl kelonc (IV), obtained in good yield by 
the reduction of the corresponding nitro-oompoiind with zinc dust 
and ammonium chloride in aqueous alcoholic solution, was purified 
hy fractionation under diminished pressure; it distilled over as a 
pale yellow, viscous oil at 194— 197'729— 30 mm. and solidified to a 
white mass of crystals melting at 27 — 28“ (Foiuid : bl = 8-30. 
requires N = 8-59 jier cent.). 

The hydrochloride separated from its concentrated solution in 
hydrochloric acid in masses of colourless needles, but was hydrolysed 
in a.queous solution. The zincicldorids was precipitated as a white, 
sparingly soluble mass by the addition of an aqueoms solution of 
zmo chloride to a suspension of the base. The picrate. separated 
from warm benzene in bright yellow nodules or rosettes of needles 
melting at 132—133“ (Found : N = 14-44. CijHuON.CsHgOjNg 
requires N = 14-28 per cent.). 

Z-Acetyhminophmyl n-propyl ketone, prepared hy warming the 
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base with acetic anhydride, separated from a mixture of beiuenj 
and light petroleum in plates melting at 71-5— 72-5“ (Pound; 
N = 7'02. CjaHjjOjN requires N = 6-83 per cent.). 

S-Benzoylaminophenyl n-propyl ketone separated from warn 
aqueous alcohol in small, white crystals melting at 103 lop 
(Found : N = 5-17. Ci,Hi,02N requires N = 5-24 per cent ). 

n-Buiyrophenone-3-azo-^-naphthol, obtained by coupling 3-diazo. 
phenyl «-propyl ketone chloride with p-naphthol in alkaline solution, 
crystallised from warm alcohol in small, red needles having a faint 
green reflex (m. p. 127 — 128°) (Found ; N = 9'05. CjdHjjOjNj 
requires N = 8-80 per cent.). It gave a crimson coloration in 
concentrated sulphuric acid. 

a-BuiyropMnom-Z-azo-^-naphthylamine, produced as in the pre- 
ceding preparation, using an alcoholic solution of p-naphthylamme, 
crystallised from warm glacial acetic acid in orange-red plates oi 
scales having a coppery lustre, or on slow cooling in small, acirulap 
plates arranged in clusters. It melted at 149—150° (Found; 
N =■ 13-51. C.joHisONj requires N = 13-25 per cent.). This 
azo-^-naphthylamine developed in concentrated sulphuric acid a 
violet-blue coloration, changing to red and brown on dilution. 
Concentrated hydrochloric acid in glacial acetic acid gave rise to » 
bright red coloration. 

n-Butyrophenone-3-azoresordnol. — The diazotised amino-ketone 
was coupled with resorcinol in either aqueous or alcoholic solution 
in presence of sodium acetate, when the crude aso-compound 
separated. It was purified by precipitation from its solution in 
dilute sodium hydroxide and finally by crystallisation from warm 
benzene, when it separated as an orange-red powder melting at 144“ 
(Found : N == 10-10. CioHieO^N^ requires N = 9-86 per cent,). 
A small amount of another a:o-compound was obtained, which was 
insoluble in aqueous alkalis, but .soluble in alcoholic potassium 
hydroxide. It separated from alcohol as a bright red, sparingly 
soluble powder. Sulphuric acid developed a red coloration, 
3-Hydroxyphenyl n-Propyl Ketone (VIII). — On boiling the diazo- 
tised solution from 3-amuv- phcnyl n-propyl ketone with an excess of 
diluted sulphuric acid, Mydroajphenyl n-propyl kdonc separated 
as a dark oil, becoming solid on cooling; it was purified by solution 
in dilute sodium hydroxide and precipitation with acid, followed 
by crj'stallisation from warm light petroleum. It crystallised from 
a mixture of benzene and light petroleum in white, rhombic plates 
melting at 63° (Found : C = 73-10 ; H = 7-46. CioHi^Oa requires 
C = 73-13 ; H = 7-38 per cent,). 3-Hydroxyphenyl n-propy 
ketone, which has only a faint, pleasant, phenoUc odour coupled 
^vitb diazotiseu p-nitroaniline to yield a red a.:o-compound. 
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The ^-nilrophenylhydrazone of 3-hydroxyphenyl «-propyl ketone 
crystallised from bemene in orange-yellow needles melting at 
160° (Found; N= 14'17. CijHj, 03 N 3 re(piiresN = 14'04 per cent.). 

^-Ghlorophenyl n-pro'pyl ketone (VII), an almost oolourlcs.s oil 
volatile in steam, was obtained from the corresponding amino- 
compound by the Sandmeyer reaction. Its odour resembled that 
of 4-chlorophenyl it-propyl ketone (IX), but was less intense 
(Found : Cl = 19-15. CjjHjjOCl requires Cl = 19-42 per cent.). 

The p-nitrophenylhydrazone separated from glacial acetic acid in 
minute, dull yellow crystals melting at 1.38° (Found : M = 13-58. 
CjsHjjOjNaCl requires N = 13-23 per cent,). 

2-Aminophenyl n-Propyl Ketone (V).— -By reducing 2-nitropheuyl 
K-propyl ketone (I) with zinc dust and ammonium chloride in 
boiling alcoholic solution, this amine was obtained as a pale yellow 
nil, volatile in steam and possessing a characteristic and pleasant 
odour when dilute. On adding concentrated hydrochloric acid to 
the base, the hydrochloride separated in clusters of white, prismatic 
needles melting at 160—162° to a dark red bquid. It darkened a 
few degrees below its melting point (Found : N = 0-95; Cl = 17-75, 
CijHijON.HCl requires N — 7-01; Cl = 17-76 per cent.). The 
amine was readily obtained by the reduction of the liquid product 
of the nitration of phenyl K-propyl ketone. On distilling the mixture 
of amines in a current of steam, the orl/to-compound passed over the 
more readily, and was obtained pure by crystallising its hydrochloride 
two or three times from concentrated hydrochloric acid. 

The amine was diazotised readily in dilute hydrochloric acid 
solution, and on pouring the solution of the diazouium salt into 
alkaline p-naphthol the azo-^-naphthol separated as a bright red 
powder, which crystallised from warm alcohol in bright red masses 
of small crystals having a faint metallic reflex. It melted at 154 — 
135° (Found : IM = 9-10. CjoHigOoNj requires N = 8-80 per cent.). 
The am-compound developed a violet coloration in concentrated 
sulphuric acid. 

On boiling a solution of the diazotised amine with exces-s of dilute 
sulphuric acid, 2-hydroxyphsnyl n-propyl ketone (VI) separated as a 
pale yellow, viscous liquid, ivhich was purified by solution in alkali 
followed by distillation in a current of steam (Found ; C = 73-24 ; 
H = 7-13. requires C = 7313; H = 7-39 per cent,). 


II. i-C hlor ophenyl n - Propyl Ketone (IX). 

n-Butyryl chloride (30 grams) was added gradually with continu- 
ous stirring to 83 grams of chlorobenzene mixed with freshly- 
prepared aluminium chloride (35 grams), the temperature being 
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maintained at 40—60°. After four hours, the product was ponm 
on to ice and the pale yellow oil, having been waAed with aqueoj, 
sodium hydroxide solution, was distilled, when it gave a eoloutlc^ 
fraction at 253—254° (uncorr.) which solidified on cooling to a mas 
of crystalline and practically pure 4-cUorophenyl n-propyl 
(yield 72 per cent.) ; this product separated from alcohohe solutioj 
in white, soft, tabular cry.stals melting at 36° (Found : Cl = ig.og 
C 50 H 11 OCI requires Cl = 19-42 per cent.). The ketone, which wa, 
soluble in the common organic media, was characterised by 1 
plca.sant odour more powerful than that of phenyl n-propyl ketone. 

Oxidation of 4-chIorophenyl n-propyl ketone with sodium dj. 
chromate and dilute sulphuric acid gave p-ohlorobenzoic add, 
thereby establishing tho orientation of the chlorine substituent 
with respect to the ketonic group. 

The phmylhydrazone. crystallised from alcohol in wliite, slendet 
needlo.s melting at 85° (Found : N = 9-20. CjgHjjNjCl requires 
N = 10-27 per cent.). This hydrazone was found to be unstable, j 
pure specimen becoming converted into a dark brown tar after one 
month in a closed tube. 

The p-nitrophenylhydrazonc separated from a mixture of benzene 
and alcohol in small, yellow crystals melting at 173—174° (Found: 
N = 13-39. CieH^OoNjCl requires N = 13-23 per cent.). 


lleduction of i-Chloroplieiiyl n-Propyl Ketone. 

(a) i-Chloro-Ti-butylbenzene . — The reduction was carried out at 
g 0 _ 100 ° with liydroehloric acid and amalgamated zinc, according 
to Clemmcnsen's method for the reduction of ketones to hydro- 
carbons (Ber., 1913, 46. 1838). After twelve hours, the insoluble, 
yellow- oil was removed and distilled in a current of steam. In 
the distillate crude 4 -chloro-«-butylbcnzenc (XIII) was obtained, 
which was fractionally distilled after being separated and dried, 
The main distillate was collected at 225— 228°/76l mm. as a colour- 
less, refractive liquid stable to cold neutral permanganate solution 
and possessing a powerful odour of anise (Found. 01 — ^07- 
C'loHioCl requires Cl = 21-03 per cent.). 

4-Cllorohulemjlbenzene (XII).— In the reduction of the ketone 
by Clemmensen's method a small quantity of an unsaturate 
compound was usually obtained, the yield of which was increased 
by continuing the reduction for a sliorter locriod or by working a 
a lower temperature. Under these conditions a mixture 0 ^ 
chlorobutenylbenzene and 4 -chloro-n-butylbenzene was 0 amc 
in the fraction distiJlling between 225° and 240 . As the 
in the boiling points of the two substances was inconsiderable, a 
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ELS the qiiaatity of available material did not permit of a systematic 
fractionation, evidence of the presence in the mixture of 4-chloro- 
butcnylhenzene was obtained by converting the compound into its 
dibroniide. That portion of the crude reaction product which was 
volatile in steam was suspended in w^ater and treated with bromine 
until there was no further absorption. The heavy oil which resulted, 
having been treated with sodium sulphite solution, was distilled 
in steam, when a pasty, non-volatile residue (fj) was obtained on 
cooling. The liquid portion volatile iu steam was separated by 
distillation into 4-ehloro-Ji-butylben7.cne (a) and a liquid (c) boiling 
■with decompo.sition above 230'’ and having a fragrant odour of 
hyacinths, Since the liquid (c) contained bromine and yielded 
i-cklorobutenylbenzenp^ on boiling with anhydrous pyridine for 
seven hours, it was probably 4-chlorobromobutylbenzene. 

4-Chlorobutenylbenzene, a colourless, refractive liquid boiling 
at 234 — 237 '’/749 mm., had an odour resembling that of the saturated 
hydrocarbon (a), except that it was less pronounced and somewhat 
alliaceous (Found : 01 = 21-16. OjoHjiCl requires 01=21-28 
per cent.). 

(6) i-CMoro^^^~dibro)m-n-butylbenzeiie.—T:hc pasty residue (6) 
obtained in the foregoing steam distillation was drained and 
crystallised from alcohol, when the purified dibromide separated in 
transparent prisms melting at 72° (Found : AgOI-l-AgBr = lo9-6. 
^loHiiClBrg requires AgCi-l-AgBr = 159-0 per cent.). 

The reduction of 4-ohIorophenyl K-propyl ketone with amalga- 
mated zinc and hydrochloric acid gave a varying proportion of a 
vitreous residue, not volatile in steam. By substituting for aqueous 
hydrochloric acid a solution of one part of concentrated hydro- 
chloric acid iu two parts of alcohol, the amount of by-product was 
increased. The substance Avas only sparingly soluble in alcohol, 
but more readily so in benzene or light petroleum. It melted 
indefinitely at 55—60° and was presumably a pohjnierkk of 4-cliloro- 
butenylbenzene. 

4^‘Chloro-2-niirophenyl r\-Propyl Kdone (X).— It was found 
necessary to carry out the nitration of 4-chIorophenyi w-propyl 
ketone at a temperature not exceeding —5°, in order to reduce the 
tendency to oxidation. 

4-Chlorophenyl w-propyl ketone (2 grams) dissolved in 18 grams 
of sulphui'ic acid {d T84) w’as cautiously added to a mixture of 
15 grams of nitric acid {d 1-42) and 36 grams of concentrated 
sulphuric acid, cooled to —12° and constantly stirred. After the 
ketone had been added, the nitration mixture was left for a period 
of ten to thirty minutes and then poured on to crushed ice. The 
white, curdy solid, after being washed with water and sodium 
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carbonate solution, was purified by crystallisation from alcohol 
when it separated in white plates melting at 53“ (Found : N = 6 - 34 ! 
01 = 15-25. CjoHjijOgNCl requires N = 6-15; Cl = 15-58 percent j' 

i^-GMoro-Z-nitraphenyl n-propyl ketone was faintly odorous, anj 
was sparingly soluhle in light petroleum or cold alcohol, but ilij 
solved more readily in ether. On oxidation with aqueous chromij 
acid solution in presence of sulphuric acid, l-chloro-S-nitrobenzoio 
acid (m. p. 180°) was obtained. 

The phenylhydrazone separated from alcohol in acicular, golden 
yellow crystals melting at 116 — 117“ (Found; N = 12.91 
CjjHjgOjNjCl requires N = 13-23 per cent.). 

The p-nitrophenylhydrazom, obtained as a bright yellow, crystal, 
line powder, melted at 215“ (Found : N = 15-53. CjjHjjOjlfjCl 
requires N = 15-45 per cent.). 

On heating 4-chloro-3-uitrophenyl 7 i -propyl ketone with phosphoric 
acid at 150 — 160°, no evidence was obtained of the fission of the 
butyryl group, the bulk of the substance being recovered unchanged 
(compare Klages and Lickroth, Ber., 1899, 32, 1563), excepting for 
a trace of 3-nitro-4-hydroxyphenyl n-propyl ketone (XIV), which was 
obtained more readily on heating the nitrochloro-oompound with 
eighty times its weight of 6 per cent, aqueous potassium hydroxide 
solution. This uitrophenolic substance was obtained from boiling 
light petroleum in pale yellow needles molting at 46° (Found-. 
N = 6-71. CigHii 04 N requires N = 6-70 per cent.); it was 
readily soluble in the ordinary organic solvents with the exception 
of light petroleum. 

The p-nitrophenylkydrazone, separating from glacial acetic acid 
in masses of orange crystals, melted at 203 — 204° (Found: 
N = 16-50. 610114505 X 4 requires X = 16-27 per cent.). 

i-Ckloro-'i-aminophenyl n-propyl ketone (XI), obtained in good 
yield by the reduction of the corresponding nitro-compound in 
alcohohe solution with zinc dust and a trace of ammonium chloride, 
crystallised from alcohol or warm light petroleum in white, shining 
plates melting at 97“ (Found : X = 7-37. CjqHi^OXCI requires 
X = 7-09 per cent.). 

The hydrochloride separa'xed from warm dilute hydrochloric acid 
in colourless needles, sparingly' soluble in water (Found : HCl = 
15-23. CigHijONCl.HCl requires HCl = 15-58 per cent.). 

The diazo-solution from the foregoing hydrochloride, when poured 
into alkaUne (3-naphthol, yielded the red azo-^-naphthol, which 
crystallised from glacial acetic acid in red, prismatic needles having 
a green reflex (rn. p, 153°) and developed a reddish-purple ooloration 
■with concentrated sulphuric acid (Found : N = 8-16. OjgHijOiXoCl 
requires X = 7-94 per cent,). 
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3 ; i-DicUoroplienyl n-propyl ketone (XV), prepared from 4-ohloro- 
3 -aminophenyl m-propyl ketone by the Sandmeyer reaction, was 
isolated by distillation in steam and obtained as a colourless oil 
which could not be induced to crystallise. The odour of this 
compound was faintly reminiscent of anise and resembled that 
of 4 -chlorophenyl ii-propyl ketone, although not so intense. 
3 : t-Dichlorophenyl B-propyl ketone was characterised by its 
^-nitrophenylkydrazone, which separated from warm glacial acetic 
acid in bright yellow, prismatic needles melting at ISS” (Found ; 
N = 12-10. C 15 H 15 O 2 N 3 GI 2 requires N = 11-94 per cent.). 


III. m-i-Xylyl n- Propyl K etone (XVl). 

The following method of preparation gave a better yield of the 
ketone than that obtained by previous workers (Claus, J. pr. Chem., 
1891, [ii], 43, 632; Klages, Her., 1902, 35, 2257). 

A small quantity of n-butyryl chloi-idc was added to a mixture 
of m-xylene (34-6 grams) and aluminium chloride (27 grams). 
After the mixture had been warmed to 60° and an evolution of 
hydrogen chloride had commenced, further amounts of the acyl 
chloride were gradually added, the temperature being maintained 
at 60 — 60°. When all the n-butyryl chloride, amounting to 21-7 
grams, had been added, the reaction was allowed to proceed at 
60—60° with constant agitation for three hours, then at the ordinary 
temperature for a period of twelve hours and finally at 60° for three 
hours. The product, after being poured into water and washed 
with dilute sodium hydroxide solution, was dried and fractionally 
distilled. A fraction amounting to 26-25 grams was collected 
between 262° and 259°, and on repeated fractionation 23 grams of 
pure «-4-xylyl n-propyl ketone were obtained boiling at 258 — 
2o9°/760 mm. ; 9-95 grams of m-xylcnc were recovered, the yield 
of pure ketone amounting to 64 per cent, of the theoretical. 
m-l-Xylyl n-propyl ketone gave a p-nilrophenylhydrazone, which 
separated from alcohol in small, bright yellow crystals melting at 
102—103° (Found : N = 13-79. CijHjiOjNj requires IS = 13-50 
per cent.). 

^■Xitro-m-i-xylyl n-Propyl Ketone (XVtl). — ^Tho introduction 
of one nitro-group into m-4-xylyl n-propyl ketone was effected by 
dissolving the ketone ( 8-8 grams) in twelve times its weight of con- 
centrated sulphuric acid and, after cooling to 0 °, adding slowly a 
mixture of 4-5 grams of nitric acid [d 1-42) and 36 grams of con- 
centrated sulphuric acid. During the nitration the temperature 
was kept below 15° and the mixture stirred continuously for about 
two hours after all the nitric acid had been added. It was then 
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poured on to crushed ice. The precipitated, semi-solid product 
was removed, and after it had been cooled to — 10° and filtered at 
a low temperature there remained an almost white solid, which was 
washed successively with dilute sodium carbonate solution and 
water. It crystallised from warm alcohol in masses of slender 
bayonet-shaped needles melting at 59 — 60° {Found : C ^ 6.12 ■ 
H = 6-66; N = 6'43. CjjHjjOjN requires C = 65-13; H = 6-8, !■ 
N = 6-33 per cent.). 

^-Nitro-mA-xyh/l n-propyl ketone was only moderately soluble b 
cold alcohol, but more readily so in chloroform, light petroleum, or 
glacial acetic acid. On oxidation with an aqueous solution ol 
chromic acid in presence of dilute sulphuric acid, 5-nitro.2 : 4. 
dimethylbenzoic acid was obtained, melting at 194 — 195° (Claus 
J. pr. Chem., 1890, [ii], 41, 495, gives m. p. 195° [uncorr.] ; Ahrens 
Anncdcn, 1892, 271, 18, gives m. p. 196 — 197°). 

2-NUro-m-i-xylyl n-Propyl Kclotie (XIX). — The liquid product 
of the nitration, after being washed with sodium carbonate solution 
and water, deposited appreciable amounts of the 6-nitro-compouiid 
when cooled to —15°, and further quantities of the solid isomcride 
were removed by extracting the oily portion with small quantities 
of alcohol. After a prolonged treatment with alcohol at temper, 
atures below 0°, an oil was obtained which did not solidify at 
— 15° (Found: N = 6-42. CjjHjjOjN requires N = 6-33 per 
cent.). The oil, however, was not pure, for on oxidation a inlxtuie 
of nitrodimethylbenzoic acids was obtained. 

S-Amiiw-m-i-xylyl n-propyl ketone (XVIII), obtained by the 
reduction of the nitro-compound with zinc dust and ammonium 
chloride in alcoholic solution, separated from warm light petroleum 
in hard, almost colourless, hexagonal prismatic needles melting at 
56° (Found : N = 7-44. CjoHj^OX requires N = 7-33 per cent.). 
The hydrochlorkle crystallised from warm dilute hydrochloric 
acid in white, slender, acicular crystals (Found : Cl = 15-61. 
CijHjjONjHCl requires Cl 15-58 per cent.). The sulphk 
separated from water in long, fern-like crystals. 

Acetylation with acetic anhydride yielded Q-acelykimino-m-i- 
xylyl n-propyl ketone, crystr ilising from petroleum (b. p. 80—100°) 
in a white, tangled mass of needles melting at 123° (Found: 
N = 6-35. Ci4Hjj 02N requires N = 6-01 per cent.). This amine, 
diazotised in dilute hydrochloric acid and coupled with alkaline 
p-naphthol, gave hutyro-2 : 4-dini.e.thylphenone-5-azo-^-naphthol, 
which crystallised from warm glacial acetic acid in bright red 
masses of slender needles and had a faint, green reflex (m. p. I9i— 
195°) (Found : N = 8-44. C 22 H 22 O 2 N 2 requires N = 8-09 per 
cent.). The azo-derivative was sparingly soluble in cold alcohol or 
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glacial acetic acid, but dissolved more readily in chloroform; it 
dissolved in concentrated sulphuric acid to a reddish-purple solution. 

S-CMoro-m-i-xylyl n-Propyl Ketone (XXI). — ^The replacement of 
the amino-group by chlorine was effected by the Saudmeyer 
reaction. This chloro-derivative was obtained by distillation in 
steam as an almost colourless oil, solidifying on cooling to 0°. Two 
crystallisations from alcohol at temperatures below 0“ furnished a 
white, crystalline powder melting at 9—10“ (Found : Cl = 16-44. 
Ci. 2 Hj 50 C 1 requires Cl = 16-83 per cent.). This substance had a 
characteristic odour similar to that of honey, but not so powerful 
as that of 4:chlorophenyl a-propyl ketone. 

Oxidation with chromic acid solution gave an acid which 
crystallised from alcohol in small, white needles melting at 165° 
after one crystallisation. This acid is presumably 5-chloro-‘2 : 4- 
dimthylhenzoic ucid, which does not appear to have hecn previously 
described. 

2 : %-Dinitro-mA-xylyl n-Propyl Ketone (XX). — »i-4.Xylyl n- 
propyl ketone (1 gram) was nitrated by adding its solution in 9 
grams of concentrated sulphuric acid to a mixture of 10-5 grams of 
nitric acid (d 1-5 ; free from nitrous acid) and 27 grams of sulphuric 
acid, cooled to —12°, and stirred continuously. On pouring on to 
ice, a milky, serai-solid mass separated, which was taken up with 
ether and washed successively with sodium carbonate solution, 
dilute sodium hydroxide, and water. Evaporation of the solvent 
gave 2 : %-dinitro-mA-xylyl n-propyl ketone as a pale yellow oil 
which solidified after two or three weeks ; it .separated from alcohol 
in a mass of white, hair-like needles melting at 63° (Found : X = 

10- 78. CjjHjjOjNj requires N = 10-52 per cent.). 

IV. p-Dibulylbenzene (XXII). 

\>-Di-n-hilylhenzene was prepared by the action of sodium on a 
mixture of p-dichlorobenzene and )i-butyl chloride. The yield, 
however, was small, and the numerous by-products obtained added 
to the difficulty of isolating the hydrocarbon in a pure state. 

The reaction was carried out in a capacious flask immersed in an 

011- bath, heated to 1 10“ and subsequently to 150°. n-Butyl chloride 
(72 grams) and p-dichlorobenzene (60 grams) dissolved in 50 c.c. 
of xylene were gradually added to 50 grams of sodium shavings 
covered with xylene (75 c.c.), so that the heat of the reaction was 
just sufficient to keep the solvent boiling. The product was filtered 
to remove sodium and sodium chloride, and the cake of mineral 
matter was extracted thoroughly with warm benzene. After the 
bulk of the solvent had been removed from the combined extract 

3 T* 
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and washings, a dark brown, viscous residue remained, having j 
faintly green appearance in reflected light. The product 
distilled, fractions being collected up to 280 — 300°. By means 
of a lengthy process of fractionation, followed by treatment with 
metallic sodium, ^-di-n-bvtylbenzene was obtained boiling at 
224— 220-5“ II 5Q mra. (Found: C ='88-75, 88-76; H = 10.9,5^ 
11-30. requires C = 88-34; H = 11-66 per cent.). Aftei 

further distillations, the hydrocarbon gave C = 88-66; H = I1.3 
per cent. Appreciable quantities of diphenyl were obtained in the 
reaction, and no doubt the presence of traces of diphenyl accounts 
for the high carbon content of the hydrocarbon. p-Di-n-6tt%;. 
benzene is a colourless liquid having a faint, agreeable, orange-lihe 
odour. 

2-Nitro-l : i-di-n-huiylbenzene.—DihntyVxnzene (7 grams) was 
cooled to 0° and fuming nitric acid added in small quantities until 
20 grams had been used. At the commencement of the operation 
the acid layer became dark red. The hydrocarbon on the other 
hand darkened as the nitration proceeded, until it was almost indis- 
tinguishable from the lower stratum. The nitration was checked 
as soon as nitrous fumes were evolv'ed and the upper layer became 
lighter in colour. The crude nitro-compound was separated and 
treated repeatedly with water and sodium hydroxide solution until 
the washings were not tinted red. It was purified by distillatiouin 
steam, when 2-?iiVro-l ; 4-di-n-bidylhenzene was obtained as a pale 
vellow', refractive liquid, having a pleasant and characteristic odour, 
faintly resembling that of lemons. It was purified for analysi.4 hy 
further distillation in steam, the first and the last portions of the 
distillate being rejected (Found: X = 6-14. requires 

\ = 0-95 per cent.). 

2 -Amlno-l -.i-di-n-butylhenzenc (XXIIl).— The reduction of 2- 
nitro-1 : 4-dibutylbenzene to the corresponding amino-compound 
did not proceed smoothly when -Ainc dust and ammonium chloride, 
or tin or zinc with aqueous or alcoholic hydrochloric acid wore 
employed as reducing agents. More favourable results werr 
obtained by the use of iro- filings and acetic acid, but even under 
these condition-s the product was contaminated with appreciable 
quantities of a less basic substance. 

The nitro-compound (6-4 grams), dissolved in 15 c.c. of glacial 
acetic acid, was gradually added to 15 grams of iron filing-s coeere 
with 50 grams of 80 per cent, acetic acid. The mixture was gent } 
heated during the addition of the nitrodibutylbenzene 
period of one hour after all the nitro-compound had been adde ■ 
The bulk of the acetic acid was removed by distillation, and the cru' c 
amine isolated by distillation in steam after making the residu: 
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alkaline. It was partly purified by conversion into the sparingly 
soluble mlphate, which was extracted with ether. B'rom the sulphate 
a moderately pure specimen ol the base was obtained as a eolourless 
liquid having a faint yet characteristic odour somewhat resembling 
that of mushrooms. The hjdrochloride, which is soluble in water 
or chloroform, separated from dilute hydrochloric acid in white, 
flattened needles. 

2-Bmzoylamino-\ : i-di-n-bulylhenze.ne, after repeated crystallisa- 
tion from alcohol, separated in white masses of needles melting at 
116° (Found : C = 814; H = 8-6. requires C = SI’S; 

H = 8-8 per cent.). 
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Preparation o£ Ethylene by Hydrogenation oi Acetylene. 

William H. Ross, Jambs B. Coweetson, and J. P. Paesojjs 
(J. Ind. Eng. Chem., 1921, 13, 775 — 778). — Metallic nickel, prepared 
by reducing the oxide at 300°, has a greater capacity than has 
coconut charcoal for adsorbing hydrogen at the ordinary tempera- 
ture. When a mixture of equal volumes of hydrogen and acetylene 
is passed into a tube, from which the air is exhausted, about one- 
third filled with freshly-reduced nickel, the hydrogen adsorbed by 
the nickel, together with that added, may be sufficient to convert 
the acetylene completely into ethane. If the tube is then exhausted 
and the mixture of hydrogen and acetylene introduced until the 
excess of hydrogen is used up, a product may be obtained which 
contains more than 80% of ethylene. The best results are obtained 
when the mixture oontain.s a slight excess of hydrogen, but as this 
is further increased, the amount of ethylene decreases and the 
quantity of ethane increases correspondingly. The adsorbed 
ihydrogen in an active nickel catalyst may be eliminated by repeated 
treatment with acetylene ; whilst the nickel does not lose its activity, 
it is then without action on either ethylene or acetylene. W. P. S. 

Unsatnration and Molecular Compoimd Formation. II. 

0. Maass and J. Russeli, (J. Armr. Chem. Soc., 1921, 43, 1227— 
1230; of. A., 1918, i, 534). — Freezing-point determinations have 
been made for the ay.stem allylene-hydrogen bromide, and from 
ihese it is shown that two eutectics and one molecular compounds 
sxist. The eutectics lie at —132° and —138° respectively, and the 
nolecular compound, CjHj.HBr, melts at —126°. The behaviour 
)f allylene in forming a molecular compound differs from that of 
icetylene, but this dilference is the same as was observed in the 
Me of benzene and substituted benzenes, and confirms the authors’ 
dew that the formation of an atomic compoimd is always preceded 
)y the formation of a molecular compound (foe. cil.). Exact 
letails are given of a method, based on that of Lebeau and Pichon 
A., 1913, i, 438), for the preparation of large quantities of pure 
illylene. The pure substance melts at — lOa-O” and boils at — 27-0°. 
Jnder ideal conditions, the value 40 is found for the molecular 
reight. J, p. s. 

Molecular Rearrai^ement of Unsaturated Compounds in 
icid Solution. Anr. Giij.et (Bull. Soc. chim. Belg., 1921. 30, 
-26—252). — The general rules already enunciated (this vol., i, 533) 
TO illustrated by numerous examples. The opening of a tri- 
nethylene ring by addition of water or acids conforms with the rules 
■efened to. Examples of the converse reaction are lacking, but the 
jompound CHjlCMe-CMelCHj, which is the “ normal ” product of 
lehydration of pinacone, may be expected, owing to the negative 
' VOL. CSX. 1, ■ 
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character of the GHj groups and the positive character of the 
intermediate groups, to undergo transformation into the followng 

compounds in acid solutions : ^ OH-CMe<C ^^®2 

— ► OiCMe-CMea (pinacolin). This explains the mechanism of the 
various transformations undergone by the pinacones and analogous 
compounds, numerous examples of which are cited and classihed. 
The various types of “ cthylenie transformations ” {loc. cit.), such 
as shifting of the double bond, addition or subtraction of water or 
acids, and kcto-enol rearrangements, and the mechanism of ths 
dehydration of alcohols, arc discussed from the point of view of 
the general rules. Many of these cases are explained very simply, 
but for others the intermediate formation and rupture of one or 
two trimethylene rings is assumed. The type of transformation 
in any case depends chiefly on the constitution of the compound 
and the elcctro-positivc or -negative character of the radicles present, 
The catalyst as a rule plays a very subordinate part in determining 
the character of the reaction. J' H. Ij. 

Preparation of Alkyl Vinyl Ethers and their Homologues. 
Plauson's Forsciiuxcsinstitut G. m. b. H. (D.R.-P. 338281; 
from Chm. Zeiitr., 1921, iv, 421. See also Plauson and Vielle, 
Brit Pat. lo 6121 ).— Homologues of alkyl vinyl ethers are prepared 
by replacement of Ibe group by homologous groups. Ethyl 
vwyl ether b. p. 35° /“60 mm., is decomposed by sulphuric acid. 


The Molecular Conductivity of some Sulphonium Com- 
pounds in Acetone. Sib PRArnuLLA Chandea Ray and Kali- 
Lmab Kumae (T., 1921, 119 , 1643-1644). 

Decomposition of Ethyl Thioacetate by Mercury Salts , a 
Contribution to the Chemistry of Mercury Mercaptides. 

Geoeq Sacils (Ber„ 1921, 54, [B], 1849-1854).-Ethyl thio. 
acetate is remarkably resistant towards solutions of alkah hydroxide 
by which it is hydrolysed slowly to ethyl mercaptan and acetic acid. 
It is therefore remarkable lliat a similar hydrolysis is imiuediatcr 
induced by the addition of an alcoholic solution of mercury acetate 
to the ester, ethylmercaptomercurichloride, SEt-HgCl, being preci- 
pitated by the addition of water and sodium chloride to the product 
It appears necessary in sou r degree to use the mercury compound 
in the form of its acetate, since only a slow hydrolysis is otem d 
with mercuric chloride solution, and it is suggested that the com- 
pound SEt-Hg-OAc is initially formed and remains in solutio ^ 
Lidence in favour of this hypothesis is adduced from the formation 
of the compound C^HjO^Slig, micro.scopic rods, in. P- , 

when solutions of ethyl thioacetate and mercuric acetate m acet 
anhydride are mixed; by a modification of the conditions of 
reaction it is found possible to isolate a second 

P TT ("i K Hrr m ID 140— 142 , to a turbid liquid, decomp- 

146°,\hich1s also produced from mcrcunc acetate and e ) 
mercaptan in acetic anhydride solution. Prolonged agitation 
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ethylmercaptomercuiichloride with a saturated ethereal solution 
of mercuric chloride leads to the formation of the additive compound, 
SEt'HgCl,HgCl 2 , slender needles or prisms, m. p, 150“ (decomp.). 

H. W. 


Experiments on the Synthesis of the Polyacetic Acids of 
Methane. III. Conditions Controlling Synthesis by the 
Cyanoacetic Ester Method — {continued), Christopher Kblk 
Ingold and Edward Arthur Perreh (T., 1921, 119, 1582—1601). 

Solubilities of some Active and Racemic Tartrates and 
Malates. Marcel Duboux and LfioN Ccttat {Hdv. Chim. 
Acta, 1921, 4, 735 — 761). — A series of determinations carried out 
with the object of ascertaining whether the salts of inactive acids 
are invariably less soluble than those of the active forms. Of the 
compounds investigated, barium tartrate is the only exception to 
this rule. Analytical applications of this are referred to (Kling, 
A., 1910, ii, 309; Buboux, Bull. Soc. Vnud. Sci.Nat., 1916, 51, 55), 
and it is mentioned that calcium is better estimated in water as 
racemate than as oxalate, since magnesium does not then affect 
the results (Caeiro, IHss., Lausanne, 1918). 

The values given are in terms of grams of anhydrous salt per 
100 grams of solution at temperatures of 0“, I2-5“, 25“, and 37-5“. 

Tartrates. Active.— 0-540, 0-848, 1-174, 1-050- 
CaA,4H20, 0-0192, 0-0268, 0-0360, 0-0498; SrA,4H,0, 0-0942’ 
0-1285, 0-1765, 0-2395; BaA,JH20, 0-0200, 0-0247, 0-0294, 0-0341- 
PbA, 0-0027, 0-0030, 0-0035, 0'-0046. 

MgjAj.lOHjO, 0-403, 0-582, 0-826, 1-095; Ca2A2,8H»0, 
0-0023, 0-0034, 0-0045, 0-0056; SrjAj.OHjO, 0-0107, 0-0202, 0-0297, 
0-0392; Ba^Aj, 0-0243, 0-0284, 0-0.325, 0-0366; Pb,A5,,4H„0, 
0-0038, 0-0020, 0-0034, 0-0066. 

Malates. Ad;i.-c.—MgA,3H20, 2-02, 2-28, 2-54, 2-80 ; CaA,2H,0, 
0-670, 0-805, 0-921, 1-011; SrA,4H20, 0-193, 0-332, 0-490, 0-781; 
BaA, 1-020, 1-150, 1-240, 1-310, PbA,2H20, 0-015, 0-027, 0-052, 
0089. 

/Kodire.— MgjAj.oHjO, 0-93, 1-08, 1-23, 1-38; Ca2A2,3H„0, 
0-244, 0-277, 0-310, 0-343; Sr2A2,5H20, 0-290, 0-325, 0-422, 0-550- 
BajA2,H20, 0-76, — , 0-58, 0-84; Pb2A2,2H20, 0-015, 0-023, 0-035, 
0-0545. 

Above 26'2“, active magnesium tartrate is dihydrated. J. K. 


Ethylglycoloside as a Type of aP-Glucosides. Max Bbro- 
iiASN and Artur Miekelby {Ber., 1921, 54, [B], 2160 — 2157). — 
The discovery of y-methylglucoside, the behaviour of the rhamnosides, 
and the attribution of an ethylene oxide .structure to the glucosidic 
oxygen bridge in lajvulose, inuUn, etc. (cf . Haworth and Law, T., 1916, 
109, 1324 ; Irvine and Steele, T., 1920, 107, 1474), has increased the 
interest in this type of substance, and the authors have therefore 


prepared ethylglycoloside, ^1, _i>CH-OEt, as a very simple member 
of the series. When dissolved in phenol at 30 — 40“, the substance 
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ia bimolecular, but unimoleeular under greatly diminished pressure 
at 160° ; the hypothesis that the action is of the type, ^ 


S-CH^OEt)-CH ’ assumed in the case of 

glycollaldehyde appears to be highly improbable. Its close relatiou. 
ship to ethylene oxide renders it less stable than the usual a- and ». 
glucosides; it is scarcely affected by water, and hence does not 
reduce Fehling’s solution, even at the boiling point, but, on the 
other hand, it is exceedingly sensitive to acids, being rapidly hydro- 
lysed to a certain extent by boiling iV/lOOO-hydrochloric acid 
When treated with phenylhydrazine hydrochloride and sodium 
acetate, it gives a somewhat considerable amount of glyoxalosazone 
the effect being due to the presence of free acetic acid. This 
property is shared by other non-furoid glucosides, for example 
y-methyhhamnoside. In this connexion, it is pointed out that 
sucrose is not so indifferent towards the phenylhydrazine mixture 
as is generally supposed. In general, the osazone test does not 
seem well adapted in every case for distinguishing between glucoside 
and free sugar, 

Ethylglycolo^ide, m. p. 59—60°, after softening at 58°, b. p, 
90°/12 mm., 122°/51 mm., is prepared by the action of perbenzoic 
acid on a weU-cooled solution of ethyl vinyl ether in absolute ether; 
it has d;' " 1’0436, dj' 1-0428, n'v 1-4293. It is converted by an 
alcohoho solution of hydrogen chloride into glycollaldehyde acetal 

The authors proposed to designate glucosides of known structure 
by adding to their names two figures denoting the points of attach- 
ment of the glucosidic oxygen bridge, the enumeration, as in the 
case of dextrose, to commence with the aldehydic carbon atom, 
for example, methylglucoside-(*S), ethyIglycoloside-(al5) ; c-glucos- 
ido-(a8)-maimose. H. W. 


Mytilitol, a Naturally Occurring Cyclose. D. Ackeemaxs 
(Ber., 1921, 54, [B\ 1938 — 1943). — The isolation of mytilitol from 
Mytilus edulis is described in detail. It forms colourless, lustrous 
crystals, m. p. 259°, is optically inactive, and does not contain i 
methoxyl group. It is converted by acetic anhydride into a fetita- 
acetale, microscopic needles, m. p. 157—158°, and by acetic an- 
hydride and concentrate.' sulphuric acid into the Ac.ra-ace/nfe, 
m. p. 180 — 181°. The parent substance is therefore regarded as 
methylcycfohexanehexol. It has been examined previously by 
Jansen (A., 1913, i, 791), who regarded it as cyctohexanepeiitol. 
It is difficult to decide between the two conceptions on the basis 
of analyses of the parent substance and of its derivatives, but the 
percentage of water of crystallisation in hydrated mytilitol and 
the values for carbon in the anhydrous substance harmonise better 
ivith the present formula, which ia further supported by the in- 
solubihty of mytilitol in organic solvents and its sparing solubility uj 
cold water ; it is scarcely conceivable that an isomeride of quercitoi 
would exhibit these properties. H. W. 
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Optical Rotation of Dextrose under the Influence of Hydro- 
chloric Acid. II. The Change of Rotatory Power and Re- 
ducing Capacity of Dextrose Solutions in Hydrochloric Acid 
at 100'’. Habs Murschhauser {Biochem. Zeitsch., 1921, 116, 
171 — 190 ; of. A., 1920, i, 661). — The optical activity and reducing 
capacity of 20, 10, 5, and 2J% dextrose solutions in 5-1, 8-1, and 
10-1% hydrochloric acid solutions were determined over a period 
of twelve hours at 100°. In general, the behaviour of both proper- 
ties in the first two hours show.s cousiderable variation, but after- 
wards the fall in rotation and reducing power is a linear function 
of the time, and the greater the concentration of the acid the greater 
the effect produced. For 10 and 20% dextrose solutions, a maxi- 
mum of optical rotation is attained in the first two hours, due, 
probably, to the formation of fsomaltose. H. K. 

Polysaccharides. X. Anhydro-sugars of the Trehalose 
Type : Diglucan and isoDiglucan. P. Kaerer, Fr. Widmee, 
and Alex. P. S.mirnov (Hdv. CUm. Ada, 1921, 4, 796 — 801). — 
By the action of silver carbonate on a suspension of acetodibromo- 
glucose in chloroform, f-bromo-;8y«-triacctylgluco.se is produced, 
with a small proportion of two forms of ^^'-dibromo-iSyf/j'y'e'- 
hexacetyl-a-gluoosidoglucose (I), neither of which reduces Pehling’s 
solution until hydrolysed by acid. 

rCH2Br'CH(0Ac)-CH-CH{0Ac)-CH(0Ac)-CHl20. 

( 1 -) 

The x-form, m. p. 212°, is optically inactive and much less soluble 
in alcohol than the g.form, needles, m. p. 152°, [a];, — 10'2°. The 
exact relationship of these compounds to the trehaloses remains 
undecided. Both are converted by boiling barium hydroxide 
solution into dianhydrodisaocharidcs, CjjHjgOj. Dighican, from 
the «-form, hexagonal polyhedra, m. p. 170 — 17-5°, [a]g — 214'1°, 
is easily soluble in water. isoDiglvean, from the g-fonn, has not 
been crystallised, is laevorotatory, more readily .soluble than diglucan 
in alcohol, and, like this, only reduces Fehling’s solution after 
hydrolysis. They differ by the configurations of the asterisked 
carbon atoms in the formula 

I 0 I * I 

CH,-CH(OH)-CH-CH-CH(OH)-CH- j 0 
! r. I 


Polysaccharides. XI. Compouads of Anhydro-sugars 
with Alkali Hydroxides. A Method of Determining the 
Parent Compound of Polymeric Anhydro-si^ars. P. 

Kaerer {Hdv. Chim. Acta, 1921, 4, 811 — 820). — Solutions of di-, 
a-tetra-, (5-hexa-, and a-octa-amyloses in dilute aqueous sodium 
hydroxide contain additive compounds, which are precipitated by 
alcohol, and after purification by solution and reprecipitation, 
respectively correspond exactly with the formulae Cj 2 H 2 pOi„,NaOH, 
(CuIVij.NaOH)^, (C, 2 H 2 „Oi„,NaOH)„ and (CijHa,Oi„NaOH) 4 . 
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Polymeric anhydro-sugars, as internal acetals, therefore combitu; 
with one molecule of sodium hydroxide per molecule of anhydro. 
sugar, and so permit the determination of the molecular weight of 
this. Thus P-hexa-amylose is a polymeric maltose anhydride (cf, 
this vol., i, 768), inulin is probably derived from anhydro-difructose 
(of. Pfeiffer and Tollens, A., 1882, 490), and xylan from anhydio. 
dixylose (cf. Abderhalden, Biochem. Handlex., ii, 32). In further 
confirmation of previous results, a compound, {CjjHjjOjj.NaOH), 
was obtained from soluble starch. It is suggested that such poly' 
saccharides are crystalline substances, of which the lattice points 
are occupied by polymeric molecules, which in the case of starch 
are diamylose complexes, (CjjHjjOjj), or The forces 

of valency by which the polymeric molecules are fixed in the crystal 
are so strong that the resulting “ crystal-polymerisation ” vert 
closely resembles true polymerisation. If the forces in question 
approximate in strength to those responsible for the existence of 
the polymerides, and also to those operating in the anhydro-sugar, 
it will be extremely difficult to isolate intermediate degradation 
products. This is probably the case with cellulose. J. K. 

A New Method for the Preparation of Anhydro-sugars. 
P. Karreb and Alex. P. Smirnov { Ildv . Chim. Acfa, 1921, 4, 
817 — 820). — Acetobromogluuose combines with triraethylamino in 
alcoholic solution to form tetracebjlghtcosidolrimethylammonim 
bromide, C,,H280jNBr, well-defined polyhedra of neutral reaction, 
m. p. 192 , [o<]'|f-f-10-2'', which is quantitatively converted into 
laevoglucosan by warming its aqueous solution for a short time 
with an alkali or alkaline earth hydroxide. Since this reaction is 
a form of the Hofmann degradation of quaternary ammonimo 
hydroxides, and yet, if the current formula for l;Evogluoo.san be 
accepted, results in ring formation, it is suggested that caution 
is necessary in deriving constitutional formuloe from such reaction, 

J. K. 

Polymerisation of Glucosan. A.wf: Pictet and Jacques 
Pictet {Helv. Chim, Actn, 1921, 4, 788 — 795). — Glucosan, like 
laevoglucosan (A., 1899, i, 527), may be polymerised by means ol 
platinum black, but the change in each ca.se is more oonvenientlT 
effected with the aid of a trace of anhydrous zinc chloride 
The product obtained from glucosan varies with the conditions 
employed. Diglucomii, (CjHjdGj)^, m. p. 100^ (decomp.), [jL 
-|-54-5° [tetrabenzoale , GjoHjgOu, m. p. 128—129°), is produced 
at 155°/15 mm., is easily soluble in water, has a sweet taste, 
does not react with phenylhydrazinc, and is hydrolysed by mineral 
and oxalic acids, but not by water. This is Bxpre.ssed by the 
formula (I). Tetraglucosan, (CsH,„05)4,2Il20, 
acetate, C40H58O28, m. p. 84 — 85° ; octabenzoate, CjodijWa, 
m. p. 109 — 110°), is not completely dehydrated at 110°, and re- 
seinbles the dextrins, especially those derived from lasvoglucosan, 
in properties. It does not react with phenylhydrazine, but ocs 
.so very slightly with Fchling’s solution after prolonged bo m? 
Its mode of formation is probably similar to that of diglucosan, 
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and it is also produced from dextrose and zinc chloride at 180° under 
ordinary pressure. Tetralaevogliicosan, from Isevoglucosan and zinc 
chloride at 155°, appears to be to some extent depolymerised to 
IseTOglucosan by distillation under reduced pres-sure. The rotatory 
power ([a]D+73'85) and molecular weight of the product of polymeris- 
ation of eijual proportioras of gliicosan and laiTogiucosan at 155° 
under ordinary pres.sure sii^ests the presence of a mixed polymeride, 
(CsHjqOj)!, ivith those derived from the separate substances. No 
definite results were obtained from attempts by hydrolysis of these 
potymerides to secure partial degradation to disaceharidcs. 


I I 

CH-CH-CH(OH)-CH'CH(OH)'CH,-OH 
0 O 

OH-CH2-CH(OH)-CH-CH(OH)-CH'CH 

1 - -0 ! 

(I.) J. K. 

Constitution of the Sugar-acetones. P. Karrer and 0. 
IIuawiTZ (Hdv. Chim. Ada, 1921, 4, 728— 734).— Glyccrolacetone 
is attacked by alkaline permanganate at 20°, but glucose- and 
fructose-diacetones are almost quantitatively recovered after pro- 
longed warming with this reagent. It is therefore concluded that 
both the terminal carbon atoms of the sugars are in each case 
involved in the condensation with acetone, the secondary alcoholic 
groups being steiically protected from oxidation. Similarly, 
Isevoglucosan is almost unattached (Vongerichten and Muller, 
A., 1900, i, 198 ; Pictet and Cramer, A., 1920, i, 810), whilst glucosan 
and Isevulosan suffer immediate oxidation (cf. this vol, i, 544). 
The formula (I) is therefore proposed in preference to that of Irvine 
and Scott (T., 1909, 95, 1220) for glucosediacetone, and equally 
explains its reactions (Irvine and Seott, loc. cit . ; Irvine and Paterson, 
T., 1914, 105, 908). Fnictosediac^tone is written (11), the mode of 
attachment of the bridge oxygen atom explaining the identity of the 
osazones from the monometliyl-glueose and -fructose respectively 
obtained from gluco.se- and fructo.se-diacetones (Irvine and Seott, 
loc. cit.). ^ Irvine and Paterson's formula for a-mannitoldiacetone, 
with a primary alcoholic group, is confirmed, whilst the p-isomeride 
(Fischer and Kund, A., 1910, i, 803) is only slightly attacked, 
although the fact that it contains twm free hydroxyl groups as 
eoinpared with one in the cases of glucose- and fructo.se Jiacetones 
renders it less resistant, ft is assigned the formula (HI). 


ch-ch- 
0 0 

\/ 

CMe, 


■CH(OH)'CH-CH-(:h, 

I I Z 
0 0 


(I-) 


\/ 

CMe, 


I 0 , 

CH2-C-CH(OH)-CH-CH-CHj 
0 0 ' 


\/ 

CMe., 


( 11 -) 


0 0 

\/ 

CMe., 


9H2-(1H-CH(OH)-CH(OH)-(2H-(j;H2 


0 0 


0 0 
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Starch. A. Reyghler (BvU. Soe. ehim. Belg., 1921, 30, 2211^ 
226; cf. this vol., i, 498).— Modifying an experiment described 
by Roux (A., 1905, i, 262), the author has isolated a reversion 
product from starch paste, after prolonged chiHing. It is coj. 
eluded that the revension process concerns chiefly the parietal 
matter of the starch grain, and that this matter is very similar to 
the “artificial starch” or the “amylose” of Maquenne. 
author reaffirms his earlier statement that each starch grain po.ssesses 
two hila, one on each side of the grain. J. H. L. 

Starch. A. Reychler (Bull. Soe. chim., 1921, [iv], 29, 8,13-. 
836; cf. this vol., i, 498).— As a result of further experimental 
work, the author concludes that the starch grain has a protective 
coating, which is very little acted on by cold water. It swells up, 
is distended, and more or less ruptured by boiUng water. In 3 
fresh starch paste, this material is easily liquefied by malt extracts, 
but if it has been kept for some days it is more refractory. It 
then resists the action of diastase and maintains its characteristic 
form, finally giving a deposit, in the form of a gel, which cannot be 
saccharified. It is soluble when heated with water at 140—150' 
under pressure, but on pooling the solution, it is deposited again 
in the form of artificial starch or Maquenne’s pure amylose (cf. 
A., 1906, i, 327, 547). W. G. 

Polysaccharides. VIII. Starch and the Amyloses. P. 

Kakree, C. Naoeli, 0. Hurwitz, and A. WAlti (Jhlv. Chim. 
Acta, 1921, 4, 678 — 699; cf. this vol., i, 397). — ot-Tetra-amylose docs 
not yield acetobromomaltose when treated with acetyl bromide 
in entire absence of water, but an amorphous product containing 
bromine, and resembling that obtained from starch under similar 
conditions. The least trace of acetic acid induces the formation 
of the same proportion of acetobromomaltose as is obtained from 
an equal weight of maltose, a small amount of acetobromoglucose 
being also produced if the temperature be not maintained sufliciently 
low, for example below 10° for a trace of acetic acid. Air-dried 
soluble starch furnishes the same weight of acetobromomaltose as 
an equal quantity of maltose. Hence starch is a polymeride of 
anhydromaltose in w'hieh the glucose residues are not united by 
“ glucoside-bnkings.” Further, acetylated starch, like acetylated 
triamylosp, docs not furnish bromo-compounds when treated mth 
acetyl bromide, so that the oiicning of the anhydro-rings of starch 
by this reagent is due to hydrobromic acid. From dry fi-hcxa-amyl- 
ose, however, a product is cjtained very similar to, if not identical 
with, that derived from starch, whilst in presence of acetic acid the 
same proportion of acetobromomaltose is produced as from maltose. 
Hence p-hexa-amylo.se represents a polymeric form of maltose 
anhydride, isomeric with the a-amyloses. 

Cold concentrated aqueous solutions of tetra-amylose give a blue 
colour with iodine, which disappears on warming, but reappears 
OR cooling, like that of starch, but differs from this in that it is 
produced only in concentrated solution. Octa-amylose gives blue 
needles of an additive product, which is similarly affected by heat. 
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The u-amyloses, like starch, are converted into laevogluoosan by dis- 
tillation in a vacuum, and also furnish potassium and sodium salts 
(cf. Pfeiffer and ToUens, A., 1882, 490). Octa- and p-hexa-amyloses 
are easily soluble in dilute sodium hydroxide solution. 

A further analogy between starch and the amyloses follows from 
their behaviour towards pancreas-diastase, which ferments di- 
and a-tetra-amylose to maltose to the extent of 10% (cf . Pringsheim, 
A., 1913, i, 1281), although p-hexa- and ot-octa-amyloses are un- 
affected. Intestinal ferments of the snail do not attack u-tetra- 
amylose or methylated starches. Laevoglucosan furnishes aceto- 
bromoglucose when treated with a solution of hydrogen bromide 
in glacial acetic acid, owing to acetylation of hydroxyl groups pro- 
duced by breaking down of the anhydro-oxygeii linking. Hence 
the position of this in the a-amyloses cannot be determined by 
subjecting them to this reaction (this vol., i, 313). 

The respective heats of combustion of 1 gram of anhydrous 
maltose, diamylose, a-tetra-amylose, P-hexa-amylose, a-octa-amylose, 
starch, and Imvogluoosan are 3949, 4235, 4186, 4165, 4610, 4183, 
and 4186 calories. Hence a-octa-amylose, which has a larger heat 
of combustion than any other known carbohydrate, and so is 
produced during fermentation of starch by Bacillus maceram in 
greater quantity at 47'° than at 32°, probably represents the most 
highly polymerised form of a-amylose possible. Further, starch 
itself cannot be more highly polymerised, and so is doubtless a 
member of a series of polymerisation products of maltose anhydride 
isomeric with the a-amyloscs, and corresponding probably with 
a-tetra-amylose, (Ci2H2|)0,o)2, or P-hexa-amylose, (CijHjoOiQjs. 
Although no direct proof of this can yet be supplied, it agrees with 
molecular-weight determinations of inethylo-starches (this vol., 

i, 311) and of soluble starch (Beckmann and Maxim, A., 1015, 

ii, 222) and with the fact that, like those of starch (Lintner, A., 

1888, 497 ; Asboth, A,, 1887, 868) solutions of octa-amylose, and, in 
presence of alcohol, of p-hexa- and «-tetra-amyloses yield precipitates 
nith barium hydroxide. The composition of these varies some- 
what with circumstances, although those from natural and soluble 
starches agree fairly closely in composition with those obtained 
from a-tetra- and p-hexa-amyloses under similar conditions. Further, 
the heat of combustion of starch exceeds 4163 calories, which is 
calculated as the maximum possible for a compound composed of 
a continuous chain of glucose residues, but agrees closely with 
the values for the anhydro-sugars laevoglucosan and a-tetra-amylosc. 
The fact that the same applies to cellulose (4180 calories) is con- 
sidered as evidence that this also has an anhydro-formula. Methyl- 
ated wheat starch (M 1060), rice starch (M 844), and maize starch 
are described. J. K. 

The Constitution of Cellulose and Cellohiose. Astbid 
CiBVE VON Euler {Chem. Ze.it., 1921, 45, 977—978, 998).— The 
important facts which must be taken into account in any structural 
formula assigned to cellulose are outlined and the directions in 
which all structural formula) hitherto proposed for cellulose are 

ff* 



i. 770 


ABSTEACTa Or CHEMICAL PAPERS. 


unsatisfactory are indicated. It is possible, however, to conceive 
a formula for cellulose which is in agreement with its constitution 
as a high molecular condensation product, and may be reconciled 
with the properties of its derivatives and fission products, Tivo 
variations of a new formula for cellulose are proposed which contain 
the p-dioxan ring of Green’s formula (A., 1905, i, 22), hut have 
the advantage over the latter that they contain a chain of hexose 
molecules of any desired length, thus : 

-CH-CH — CH-CH-OH <rH2-CH CH- 

OH OH (a)(|) (fc)O OH OH (a)0 (5)0 OH i 
CHj-CH— CH-CH — CH-CH-OH 

CH — CH-CH-OH 
OH (a)0 (5)0 OH OH 
CHj-CH-CH-CH- 
(I-) 

— CH-CHj HO-Ch-CH-CH-; 

OH OH {a)0 (a)0 OH t>H (5)0 (5)0 OH 
CHj-CH-CH-CH — CH-CH-OH 

VH— CH--CH, 

OH (o)0 (a)() OH OH 

Cn„-CH-CH-CH- 

(II.) 

The connecting oxygen atoms are of two kinds and are distinguished 
in the formulae as (o) and (5). The combination (a) represents an 
ordinary anhydride (ether) linking which on the addition of the 
elements of water reacts thus : 

iCH-O-CHj + H,0=:CH-0H + -CHj-OH. 

In combination (5), on the other hand, the oxygen is in a semi, 
acetal combination, and fission of the hnking is accompanied by 
activation of the carbonyl o.xygcn without alteration in the gross ' 
formula. The elements of water arc added first and then removed 
from the intermediate carbonyl hydrate, so that tlie nett result is : 

:cH-o-cii-OH - > :cH-oH-f-CH:o 

Arguments are adduced in favour of these formulre for cellulose 
and the following formula us proposed for cellobiose : 

cHj (ch-oh)4--ch;o 
OH OH a) y 

CHj— C H— CH— CH— CH - CH-OH 

0 

The author was unaware of the work of Haworth and Leitch 
(T., 1919, 115, 813) on the latter subject when this paper "as 
written. Apart from the fact that in the latter authors’ formula 
for cellobiose both carbonyl groups are in acetal combination, the 
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two formulae for cellobiose differ only in that the residues are united 
by an (a) combination in the case of von Euler, and a (b) com- 
bination in the case of Haworth and Leitch. A decision on this 
point could not be arrived at from a triraethyiglucose prepared 
from methylated cellulose, as the fission would occur at the (b) 
combination in von Euler’s cellulose formula in the preparation of 
ceUobiosc, but this point could be settled by the examination of 
the methylgluooside obtained from methylated cellobiose. 

F. M. R. 

Hydrolysis of Cellulose. Yrjo Kaoko {Naturwiss., 1921, 
9, 237 — 238; from Chem, Zenlr., 1921, iii, .526). — By saturating 
, moi.st cellulose with hydrogen chloride in the cold, a thick solution 
is obtained which remains almost colourless even after forty hours. 
The solution thus obtained reacts with Fehhug’s solution to the 
extent of 40 — 60% of the theoretical amount of dextrose, if com- 
plete transformation -were assumed. With increasing time of 
reaction, increasing amounts of sulrstanees giving do.xtroso after 
autoclaving are formed. As much as 90% of dextro.se may bo 
obtained if sufficient time be allowed for the reaction. At 13°, 
80% is obtained within four hours. Above this temperature, 
dark coloured in'oduots are obtained. The yield of dextrose is 
markedly increased by moistening the cellulose with larger quantities 
of water. A quantitative method for the estimation of cellulose 
might be developed, using this reaction. G. W. R. 

Nature of the Swelling Process. V. Swelling and Par- 
tition in the System Nitrobenzene-Alcohol-Cellulose Acetate. 
E. Kxoevenagel and Albert Breornzer (KoU. Chem. BeihefU, 
1921, 14, 1 — 24; ef. this vol., i, 402, 709, 710). — The swelling of 
cellulose acetate in mixtures of nitrobenzene and alcohol of various 
compositions has been investigated .at 25°. It is shown that over 
Ihc range of concentrations 12 — 60% nitrobenzene, this substance 
is taken up by the cellulose acetate in such an amount that there 
i.s a constant partition relationship between the amounts in the 
liquid and solid phases. The alcohol is combined in a constant 
amount with the cellulose acetate over a long range of the lower 
concentrations of nitrobenzene, but at higher concentrations, 60% 
and upwards, the solubility of the ccUuiosc acetate in nitrobenzene 
exerts a disturbing influence on this relationship. J. F. S. 

Polysaccharides. IX. Cellulose and Lignin. P. Kakeer 
and F. Widmer {Helv, Ckim.. Acta, 1921, 4, 700—702). — Treatment 
of dry cellulose with acetyd bromide free from acetic acid yields a 
mixture of amorphous jirodiiets containing bromine. Aeetobromo- 
cellose and -glucose are only formed in presence of acetic acid, and 
iu proportions which, although notable (20% of the former as a 
maximum by working at 40 — 50°), are far from quantitative, a 
point which differentiates cellulose from starch (ef. this vol., i, 768). 
Ihe result permits of no decision as to whether cellulose is a polymeric 
whyi^o-sugar or possesses a chain structure, since the conditions 
mentioned are too drastic, and at low temperatures very little 

//♦2 
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acetobromocellose is produced. Wood, straw, and similar material 
are completely dissolved by acetyl bromide. The solutions, whe^ 
decomposed by ice, furnish decomposition products of cellulose and 
of lignin, from which the former may be removed by solution i 
alcoM, leaving the latter as a powder which contains bromine aii!! 
does not reduce Fehhng’s solution. The result supports the vie* 
that lignin and cellulose are not chemically combined in wood 

J. K, 

Constitution of Lignin. S. V. Hiktikka (CdlulosecUmu 
1921, 2, 63 — 64 ; from Chem. Ze.nir., 1921, ill, 619). — The contention 
of Klason (A., 1920, i, 474 and 821) that an acraldehyde complex 
R’CH.'CHICHO, occurs in lignin and that in the sulphite nrocf« 
a sulphonic acid, CH 2 R'CH(S 02 - 0 H)-CH 0 , is first formed whicli 
gives a yellow cyclic salt with naphthylamine salts is regarded as 
untenable. G. W. R 

Lignin from Straw prepared by Treatment with Alkali 
Carbonate. F. Paschke (Zeitsch. angew. Chem., 1921, 34 
465). — The lignin was prepared by treatment of the straw with an 
alkaU carbonate, precipitation from the extract with acid, and puri- 
fioation by repeated solution in alkali and reprecipitation with acid. 
The equivalent weight, determined by solution of the purified lignin 
in excess of standard alkali hydroxide solution and titration uith 
phenolphthalein and methyl-orange as indicators, with which lignin 
behaves similarly to carbonic acid, gave a value of 357, considerably 
lower therefore than the figure 462 found by Beckmann (this voL, 
i, 546) for lignin from winter rye straw. This high figure was 
partly due to colloidal lignin passing through the filter in the method 
he adopted. Elementary analyses of the straw lignin gave figures 
corresponding with either CjjHj.O, or C 4 oH 450 n, from which it is 
apparent that this hgnin differs from Beckmann’s essentially in its 
oxygen content, the formula assigned for the latter being CjdHjjOji 
{loc. cit.). The formula demands an equivalent weight 

of 366, assuming IXa for each 20 C atoms. This is in close agree- 
ment xvith the value actually found. G. F, M. 

Unsaturated Residues in Chemical and Pharmacological 
Relationship. III. Julius vom Bkaun and Otto Bbaussdorf 
(Ber., 1921, 54, [B], 2081 — 2088). — In previous communications 
(A., 1918, i, 162) it has been shown that the anaesthetising action 
of substances containing -.hc tropan ring is greatly increased by 
the introduction of a double bond. The observations have now 
been extended to the novocaine group, in which it is found that a 
similar effect is produced by the replacement of the ethyl by the 
allyl or cinnamyl groups, but not by the furfuryl radicle. 

Ethyl-^-hydroxyethytallylamine, CjHj-NEt'CHj'CHj-OH, a colour- 
less liquid, b. p. 183 — 184°, is prepared in 40% yield by the action 
of molecular proportions of ethylene oxide and ethylallylamine in 
moist chloroform solution at 60°. It is converted by p-nitrobenzoyl 
chloride in warm benzene solution into fi-p-nUrobenzoyloxyelhyletlip- 
allylamine, CjHs'NEt-CHj-CHj-O-CO-CsHi'NOj, a yeUow liquid 
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which solidifies when strongly cooled (the oily hydrocUoride,, the 
plalinichhride, orange-yellow needles, m. p. 15^156°, and pierale, 
yellow platelets, m. p. 107 — 108", are described). The nitro- 
compound is reduced by stannous chloride and hydrochloric acid 
to ^-p-aminobeMzoyhxyelhylethylaUylamine, a viscous, yellow liquid 
[platinichloride, m. p. 205“ (decomp.) after darkening at 195°; 
picrate., m. p. 137°; the hydrochloride is extremely hygroscopic]. 

Ethylamine reacts with cinnamyl bromide to give dicinnamylethyl- 
arnine, m. p. 44 — 45°, b, p. 235 — 240“ /9 mm. (the picrate has m. p. 
125—126°, the hydrochloride is oily) and cintutrtyleihykimine, a colour- 
less, mobile bquid, b. p. 129 — 131“/9 mm. (the hydrochloride, m. p. 
163°, platiniehloridc, decomp. 206°, picrolonale, long prisms, m. p. 
215—216°, and picrote, dark yellow leaflets, m. p. 120°, are described). 
The secondary base is transformed by ethylene oxide into cinnamyl- 
dhyl-^-hydroxyelhylamine, CHPhlCH-CHj-NEt-CHj'CHj-OH, a col- 
ourless, moderately viscous liquid which is partly decomposed when 
distilled. The p-nitrobenzoyl compound of the latter is a viscous, 
yellow liquid which is best characterised by its picrolonale- it is 
reduced by stannous chloride and hydrochloric acid to cinnamyl-<^--p- 
aminobenzoyhxyethylethylamine, a yellow hquid which does not give 
crystalline salts. The corresponding acetyl derivative and its 
hydrochloride and picrate are non-crystalline. 

Furfurylethylamine, C 4 H 30 'CH 2 'NHEt, b. p, 168 — 170°, is con- 
verted by ethylene oxide into the corresponding ^-hydroxyethyl 
derivative, a pale yellow liquid, b. p. 127°/12 mm. (the picrate 
and picrolonale, m. p. 159°, are described). The p-nitrobenzoyl 
compound of the latter is oily, but yields crystalline salts of which 
the picrolonale, m. p, 164°, and picrate, m. p. 119“, have been 
examined. ^-p-Aminobenzoyloxycthylfurfurylethylamine is also a 
liquid ; it yields an indistinctly crystalline picrate. H. W, 


Behaviour of certain Acyl Derivatives of AUylamine to- 
wards Halogens. Max Bergmans, Ferdinand Dreyer, and 
Fkitz Radt (Ber., 1921, 54, [71], 2139 — 21.50). — -The bromination 
of allylacetamide has been examined by Chiari (A., 1899, i, 325), 
who, in spite of the abnormal course of his experiments, considered 
the process to occur in the orthodox manner with the formation 
of the dibromo-derivative. This is now shown to be the case in 
part, but during the reaction a wandering of the acetyl group is 
also observed so that the change may be represented by the scheme : 


NHAc-CHj-CHICHj 


bransformatioti 

— 

-l-HgO 

CH 2 Br-CH(OAc)-CH 2 -NHj,HBr. A similar transformation is ob- 
served with the corresponding benzoyl and, to a less extent, with 
the bromoacetyl derivative, but not with the urethane. It is a 
matter of indifference whether bromination is effected with dry or 
moist substances. The dibromides are converted into the hydro- 
bromides when heated alone or in the presence of water, so that 
it appears that they themselves or their precursors play a decisive 
part in the formation of the hydrobromides during the bromina- 
tion of acylallylamines. This view is maintained, although it is 
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shown that the pre-formed dibromides are perfectly stable und 
the experimental conditions of the bromination and is justified t' 
a series of examples taken from the literature by which it is 
that the stability of a compound in a state of rest cannot be tak 
as a criterion of its .stability when formed under certain conditio 
of reaction. * 

Benzoallylamide is converted by bromine in moist chloroform 
solution into a mixture of benzo-N-Py-dibromo-n-propylamide 
m. p. 135“, and y-bromo-a.-aminoimpropijl benzoate hydrobrcmiih' 
CH2Br‘CH(0Bz)-CH2‘NIl2,IlBr, colourless, microscopic needles' 
m. p. 188- 189“ (decomp.) after previoms softening when rapidlv 
heated. If the salt is treated with sufiicient alkali to neutralise 
the hydrobromic acid, the liberated base rapidly becomes isomeriseti 
to bevzo-y-bmmo-^-hyilroxi/prvp'i/lamide, thin, hexagonal plates 
m. p. 11S“, the p-nilTobetizodle of which forms microscopic needles' 
m. p. 146°. Similarly, the chlorination of benzoallylamide, yieliij 
benzo-Py-dichloropropylamide and relatively larger amounts of •* 
chloro-g-bcnzoxypropylammc hydrochloride which was analysed in 
the form of its picrale, m. p. 181“. 

The bromination of aectoallylaniide lead.s to the forraatioii of 
aoeto-Py-dibrorao-«-propylaniide, m. p. 65° (indefinite), and v 
bromo-^-acetoxypropyhwihie hydrobromide, long needles, m. p. I59I- 
161“ {picrate, short, rhombic prisms, m. p. 124 — 120°); the latter 
substance is also formed by the transformation of the dibromidc 
in the presence of water at 100°. 

N-AUylurethane is transformed by bromine into i\-^y-dibrom- 
w-propylurethane, CH2Br-CHBr'C'H.,-XH<'0,,Et, short needles m p 
44°. 

Bromination of bromoacetoallylamide, b. p. 8i>°/0-3 — 0-4 mm,, 
leads to the production of bromoaceto-^y-dibromo-n-propylamide, 
CHjBr-CHBr-CHj-NH-CO-CHjBr, 
needles or prisms, ni, p. 77 — 79°, and ^■brom.o-^-bromoacetoxi/propijl- 
amine hydrobromide, CH2Br<;H(0-C0-CH,Br)-CH2‘NH2,HBr, irreg- 
ular quadratic plates, m. p. 1.50°; the latter substance is also 
obtained when the dibromide is boiled with water. The corir- 
sponding picrate crystallises in .small, yellow prism.s, m. p, 154— 
156°. The hydrobromide is transformed by the equivalent quantity 
of lY-sodium hydroxide solution into bromoacfto-y-bronw-fi-h/dmij- 
propylamide, CH2Br-CH(OH)-CH2-XH-CO’CH.,Br, thin, rhombic 
plates, m. p. 86 — 87°. H, 1\'. 

Preparation of Additive Products of Hexamethylenetetr- 
amine. J. B. Rtf.det., Art. Ges. (D,li.-P. 338427; from Ckin. 
Zenlr., 1921, iv, 588 — .589). — The additive products obtained from 
monohalogen acetic acids and hexamethylenetetramine (D.R.-P- 
334709) are rather unstable in solution. Their metallic salts, 
which are more stable, are prepared by usual methods. G. W. K. 

Preparation of Derivatives of Hexamethylenetetramine. 

J. D. Riedel Art. Ges., and Fr. Boedecker (D.R.-F- 
338428 ; from Chem. Zenlr., 1921, iv, 589 ; cf. preceding abstract). 
— Hexamethylenetetramine is allowed to react with metallic 
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salts of monohalogen acetic acids - whereby q^uatemary salts are 
formed. G. W. R. 

Synthesis of Formamide from Carbon Monoxide and 
Ammonia. Kubt H, Meyeb and Ludwig Oetiiner {Ber,, 1921, 
54, [B]i 1705 1709). — ^Formamide is obtained in small amount by 
heating carbon monoxide and ammonia in a steel tube in the 
presence of porous clay at 200° under a final pressure of 170 
atmospheres. Ammonium carbonate, formate, and cyanide arc 
produced simultaneously. Below LSO'’, the rate of reaction is too 
small, whilst above 200° the yields are too low ; fonnamide is 
almost completely decomposed at 227°. H. W, 

Bromural [ct-Bromoisovalerylcarbamide]. E, Yoshito.mi 
and K. Watanabk {J. Pharm. Soc. Japan, 1921, No. 468, 125 — 
130). — In the preparation of a-hromoiA'ovalerylcarbaroide by way 
of isoamyl alcohol, isovaleric acid, and a-bromoisovaleryl bromide, 
condensation products of carbamide with ot-methylbutyric acid 
and isovaleric acid are also formed. The commercial product has 
m. p. 145—150°, whereas the pure substance has m. p. 1.54°. It is 
shown, however, that m. p. determinations ivill not indicate the 
purity of bromural when isovalerylearbamide is present as an 
impurity. Chemical Absteaots. 

a-Bromohexoylcarbamide and Homologous Straight Chain 
Bromoacyl Derivatives of Carbamide. M. Tiepemeau and 
Et. Aedely (Bull. Sci. Pharmacol.., 1921, 28, loo -160; from 
ChcM. Zentr., 1921, ill, 366).-- In a study of the bromoacyl deriv- 
atives of carbamide the following compounds were prepared : 
x-Brom.ohexoykarbamide., CHjMedCHjJyCHBr-CO-NH'CO-NHj, pre- 
pared from bromohexoyl chloride and carbamide; it cry.stallises 
ill fine needles, m. p, 134°; oc-hydroxyhexoylcarbamide is formed 
on boiling with water. «-Bromoheptoylcarbamide has m. p. 136°. 
x-Bromononoykarhannde. crystallises in silky needles, m, p. 176°. 
■i-BTomolaurylcarbamide, forms fibrous masses, m, p. 186°. 
Straight-chain derivatives have a simple diuretic action without 
any hypnotic effect. The pliysiological effect of other derivatives 
is to be attributed to branched chains rather than to the presence 
of halogen. G. W. R. 

Ethyl- and Allyl-selenocarbamides and their AUryl Haloids. 

Hass Schmidt {Ber., 1921, 54, [2?], 2067— 2070).— EiAyferfeno- 
carbamide, NHEt'CSe'NHj, colourless needles, m. p. 12.5°, is pre- 
pared by treating a solution of ethyleyanamide in anhydrous ether 
with hydrogen selenide at the atmospheric temperature in the 
absence of air and in subdued light. The substance rapidly 
becomes red owing to the separation of selenium when exposed to 
light, but can be preserved indefinitely in sealed vessels in the dark. 
The selenium atom is far more labile than is the sulphur atom in 
the corresponding thio-compound. The substance unites with 
allyl bromide in alcoholic solution at 60 — 70°, giving the additive 
product, miEt-C(NH 2 ):SeBr-ftH 5 , or NHEt-qiNHl-Se'CjHj.HBr, 
m. p. 115°. AUylselenocarbamide forms colourless crystals, m, p. 
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about 93°, and has an intensely irritant effect on the skin- witl, 
ethyl iodide, it -yields a colourless, additive compound, C.H W to “ 
m. p. 100°. * ifX*- 

The Constitution of Hydrocyanic Acid. Kurt H. Mevp 
and Heinrich Hopff {Ber., 1921, 54, [fi], 1709— 1714).— Adoptin* 
a method similar to that used with ethyl aeetoacetate (A., 1920 -° 
717), the authors have endeavoured to separate anhydrous h-idrn 
cyanic acid into two different fractions, but without success, since 
the separate portions arc found to have a constant refractive iidex 
(ji’n " 1-2715). Hydrocyanic acid cannot therefore be a mixture oi 
two isomerides with a finite velocity of transformation and, since 
the molecular refraction of the liquid is identical with that of the 
gaseous acid, it is very iinprobable that it can be a mixture with 
high velocity of interconversion. The possibihty of the presence 
of a small amount of the iso-form, as exhibited by ethyl malonate 
and methanetricarboxylate (A., 1912, i, 941), is not, however 
excluded. Attempts to deduce the constitution of the acid from 
physical data are recorded ; the substance has dl"'* 0-7018 (±0-0002) 
Kb 1-2675, n„ 1-2661, 1-2713, iiy 1-2752, 0-0091, and com- 

parison of these values with those calculated for the nitrile and 
isonitrile forms indicates that free hydrocyanic acid is identical with 
formonitrile. Considerations of thermochemical data (cf. Lemouit 
A., 1907, ii, 10) indicate that, at the atmospheric temperature' 
hydrocyanic acid is formonitrile containing minute amounts of 
carbylamine and that the proportion of the latter increases some- 
w-hat with increasing temperature. H. W. 

Oxalic Acid Derivatives of ‘ ‘ Diacetonitrile. ' ' Erich Bexaev 
and Max Schmidt (Her., 1921. 54, [B], 2157— 2168,)— Diaceionitrile 
is shown to betiave towards ethoxalyl chloride and ethyl oxalate in 
the same manner as ethyl p-aminocrotonate (A., 1917, i, 252), 

N-Ethoxalyldiacetonitrile (cf. Fleischhauer, A., 1893, i, 396), 
m. p. 93°, is proved definitely to he a N-derivative by its conversion 
into diacetonitrile-^-oxolphenylhydrazide, 

NHPh-NH-c6-CO-NH-CMe:CH-CN, 
yellow needles, m. p. 192° (decomp.), which is decomposed by 
boiling dilute sulphuric acid with formation of oxalamidephenyl- 
hydrazide, m. p. 235°. C-Ethoxalyldiacelonilrile, 
NH2-CMe:C(CN)-C0-C02Et, 

long, colourless needles, tn p. 114—115°, is obtained by the inter- 
action of diacetonitrile, pyi-idine, and ethoxalyl chloride in absolute 
ethereal solution; the corresponding amide, colourless, pointed 
needles which carbonise above 195°, and anilide, lustrous, yellow 
leaflets, decomp, 203 — 207°, are described. The ester is slowly 
transformed by concentrated hydrochloric acid at the atmospheric 
temperature into diacetonitrile-C-oxaliminolaclone, 
NH;CMe-CH-C(NH) 

CO 

colourless, hexagonal pyramids, incipient decomp. 230° ; the same 
substance is obtained when the ester is treated with the calculated 
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quantity of sodium hydroxide, barium hydroxide, or sodium 
carbonate solution, but a portion of it is abo decomposed into 
oxalic acid and ammonia. It is converted by aniline in boiling 
dilute acetic acid solution into the corresponding oiiiKno-derivative, 
NPh:CMe-CH-C(NH) 

(1,Q g°“®“'y6llow, lustrous leaflets, m. p. 

236°. Diacetonitrile-C-oxamide is slowly transformed by boiling 
water into amnumium diacetonilrile-C-oxahie, colourless four- 
sided prisms (d-H^O), decomp. 180 — 220° (the corresponding 
silmr and copper salts are described); diacetonitrile-C-oxalic acid, 
NHICMe'CHlCNl’CO'CO^H, is isolated from the copper salt in the 
form of small, yeUow crystals which are too hygroscopic to permit 
analysis or determination of the melting point. 

C-Ethoxalyldiacetonitrile and phenylhydrazine in 50% acetic 
acid solution give i-cyano-l-phenyl-^-melhylpyrazok-5-carboxyh- 


phnylhydrazide, 


CMe-C(CN)^ 
-NPh- 


C-CO'NH-NHPh, colourles-s, 


rectangular leaflets, m. p. 207°, which is hydrolysed by sodium 
hydroxide solution to 4-carboxy-l-phenyl-3-m€thylpyrazol6-S- 
carboxyphenylhydrazide, pointed needles, m. p. 253°, which is 
identical with the acid prepared previously {he. cit.) by hydrolysis 
of the compound formed from ethyl fl-aminocrotonate and phenyl- 
hydrazine. The cyano-compound is oxidised by potassium per- 
manganate in acetone solution to i-cyano-l-pkcnyl-Z-methylpyrazole- 
5-carboxylic acid, colourless, four-sided prisms, m. p. 211 — 212° 
(decomp.), which passes when heated into i-cyano-l-phenyl-Z- 
methylpyrazole, prisms, m. p. 93 — 94°. The cyanocarboxylio acid 
ia converted by sodium hydroxide solution into the previously 
described l-phenyl-3-methylpyrazole-4 : 5-dicarboxylic acid. 

The diphenylhydrazone of ^Icetobutyronitrile-x-oxamide, 
NHPh-N;CMe’CH(CN)-C(;N-NHPh)-CO-NH 2 , 
prepared from C-ethoxalyldiacctonitrile and phenylhydrazine in 
boiling alcoholic solution, forms long, pointed needles, m, p. 232°. 
i-Cyano-l-phcnyl-S-methylpyrazole-o-carboxyaniUde, from diaceto- 
nitrile-O-oxanilide and phenylhydrazine in boiling alcoholic solution, 
crystallises in colourless needles, m. p. 167 — 168°. H. W. 


The Reducing Action of the Grignard Reagent and the 
Existence of Magnesium Hydrogen Haloid. Kurt Hess and 
HEiNEtCH Rheinboldt {Ber., 1921, 54, [B], 2043—2055). — A 
series of experiments is described which has for its object the 
preparation of magnesium hydrogeu haloids, H'Mg’Hal. It is 
found that, under the conditions customary in the preparation of 
Grignard’s reagents, magnesium does not react with gaseous 
hydrogen chloride in the presence of ethee or benzene. Liquid 
hydriodic acid does not attack magnesium whereas in the presence 
of dry ether a reaction occurs readily which, however, is due to the 
ready conversion of ether into ethyl iodide by hydrogen iodide. 
To avoid complications of this type, the “individual” Grignard 
oompound.s were used, when it was found that magnesium ethyl 
iodide does not react with gaseous or liquid hydrogen iodide, alone 
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or in the presence of benzene, whereas it is decomposed oompley^ 
by hydrogen chloride with the liberation of ethane. Attempts to 
demonstrate the unaltered nature of the magnesium ethyl iodide 
after treatment with hydrogen iodide by bringing it into reaction 
with benzaldehyde led to the rather surprising isolation of benzvl 
alcohol instead of the expected phenylcthylcarbinol. A similnp 
result was observed with untreated magnesium ethyl iodide in warn 
benzene and, but to a less extent, in warm ether, whereas plieny], 
ethylcarbinol was exclusively obtained in ethereal solution at ths 
atmospheric temperature. 

Individual oases of reduction by Grignard’s reagent have been 
recorded previously, but have not received any general explanation 
According to the authors, they can be represented most accuratelv 

by the co-onlination formulae, BR'ClO''''Mg<C 0 |j , and the 
reactions then occur in accordance with the scheme : 




OH 


in the cold 


CHj-CHj "^HjO 

CH, 


R' 


,>c:o'-Mg 


.-•X 


R., 


..OH 


->c;o •Mg<-+H-^pc<-+Mg 


'OH 


Since it is shown that the subsidiary reaction may be made into the 
main change by increasing the temixrature, it i.s possible that a 
method is opened out for the reduction of substances containing the 
ketonio group and other reducible groups (for example, ethylcnic 
linkings) which are not changed by reduction of the ketonio group. 
In any case, it is demonstrated that the avoidance of suhsidiarv 
reactions in the case of the aliphatic alkyl haloids (except the methyl 
compounds) can only be secured by the avoidance of elevated 
temperature, except under perfectly definite conditions. H, W. 


The Benzene [Formula] Problem. V. The Benzene Ring 
in Substitution Products. A. vox Weinberg {Ber., 1921, 54, 
[B], 2171 — 2175). — The introduction of a substituent into the 
benzene ring causes an alteration in the aromatic character the 
extent of which depends on the nature, number, and position ol 
the substituents. It is shown by a series of examples that the 
abnormal deviations can be considered mathematically in the 
cases of the molecular r -fraction, absorption spectra, and energy 
content. Increase in volume (as indicated by molecular refraction) 
is accompanied by increase in the wave-length of the absorption 
band of maximal intensity and by a parallel decrease of the energy 
content. • 

Nitrogen Dioxide. I. Nitration with Nitrogen Dioxide. 
Heinrich Wiel.a.\d [with C. Beisesegger] (Ber., 1921, 54, 
1776_1784; of. Wieland and Rliimich, this vo!., i, 552)^— ine 
behaviour of nitrogen dioxide towards aromatic compounds has 
been investigated. 
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Pure nitrogen dioxide does not react with cold aromatic hydro- 
carbons; with benzene at 80°, the main products are 1:3:5- 
trinitrobenzene and picric acid, together with smaller amounts of 
unchanged benzene, nitrobenzene, carbon dioxide, oxalic acid, and 
nitrogenous substances which are soluble in water and belong to 
the fatty series. The production of tbe trinitro-derivatives in the 
presence of unchanged benzene indicates that the process is one of 
primary addition to a hexanitro-derivative followed by elimination 
of nitrous acid and not of step-wise nitration; this is confirmed 
further by the observation that nitrobenzene is indifferent towards 
nitrogen dioxide at 80°. 

[With A. Beknheiji and P. Boom.] — Phenol is readily nitrated 
when dissolved in a cold mixture of benzene and light petroleum 
and treated with a solution of nitrogen dioxide in the same solvents ; 
a mixture of o- and p-nitrophenols is obtained, the total weight of 
which is 125% of that of the phenol used. Tarry by-products 
are not observed. o-Cresol yields o- and p-nitro-o-cresol, m-cresol 
gives 0- and p-nitro-m-cresol, whilst the p-compound yields o-nitro- 
p-crcsol and o-dinitro-p-oresol. m-4-Xylenot is converted into 
the corresponding 5-nitro-compound. a-Naphthol gives a mixture 
of 2-nitro-ii-naphthol and 2 : 4-dinit,ro-3t-naphthol. Reaction does 
not occur with anisole. 

Acetanilide does not suffer nitration in the nucleus ; the acetyl 
group is removed and benzeuediazonium nitrate results. 

The action of nitrogen dioxide on diphenylamine depends greatly 
on the. solvent used ; with ether, it is converted into diphenylnitroso- 
amine, whereas in the presence of benzene it gives p-nitrodiphenyl- 
nitro-soaminc. In the former case the reaction is explained by the 
observation that absolute ether reacts readily with nitrogen dioxide 
with the formation of ethyl nitrite, EtjO+N^Oj — >-EtO-NO + 
Et0’N02; in the latter instance, the primary action doubtless 
consists of nitration in the nucleus, the nitroso-group being intro- 
duced subsequently by the liberated nitrous acid. 

The constitution of nitrogen trioxide and peroxide is discussed ; 
the conception of the latter as a mixed anhydride of nitrous and 
nitric acid.s. OlN-O'NOj, is in harmony with its action towards 
alkali, but the similar conception of nitrogen trioxide as OIN-O-NiO 
is not in keeping with its intense blue colour in accordance with 
which it must be regarded as a nitroso-derivative, OlN-NOj. The 
corresponding formula, 02N-N02, is also very probable for the 
peroxide by reason of its reactions and dis-sociability ; its decom- 
position by alkali is ihen analogous to that of other symmetrically- 
paired atoms or radicle.3, for example, cyanogen to cyanide and 
cyanatc, chlorine to chloride and hypochlorite. H. W. 

Transformation or (and) Hydrolysis of the Toluene-p- 
sulphonyl Compounds of certain poro-Substituted Anilines 
and their N-Allcyl Derivatives. J. Halbbbkasn (Ber., 1921, 
54, [B], 1833 — 1849). — In a previous communication (this vol., i, 
661) it has been shown that p-toluenesulphonyl-p-anisidido is 
convertible by sulphuric acid into 2-amino-5-methoxyphenyl-p- 
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tolylsulphone and thus forms an exception to Witt’s ml 
(A,, 1913, i, 360; 1914, i, 228), according to which the sulptoj 
amides of primary bases only suffer hyiolysis, whilst those f 
secondary bases suffer transformation. A more extended stui 
has confirmed the general validity of the rule in so far Z 
the primary bases are concerned, and has shown that the 
behaviour of the p-anisidide is exceptional. In its present 
form, however, the statement of the rule is too general in thj 
case of the sulphonamides of secondary bases; many of ties 
readily undergo hydrolysis with the production of pure seoondarv 
bases and all of them can be caused to do so by the use of 
suitably dilute sulphuric acid, thus giving the simplest method 
available at present for the preparation of pure secondare 
amines. 

Toluene-p-sulphonyl-p-toluidide is converted by sulphuric acid 
(d 1-84) at 130° into p-toluidine-o-sulphonio acid and by rapid 
treatment at 55° into small amounts of o-aminodi-pp'-tolylsulphone 
m. p. 166°; with the acid (d 1-74) at 130°, p-toluidine 
(88%), together with traces of the sulphone and toluidinesulphonic 
acid, is produced, whilst the 70% acid cau.ses quantitative hydro- 
lysis to p-toluidine. ^■Tp-Toliie>iesulp!to)iylmetkyl--p4oluididc 
C 5 H 4 Me’IIMe-SO.j-C|iHjMe, large, colourless rods, m. p. 60° (from 
the preceding compound and methyl sulphate in alkaline solution), 
is almost quantitatively convert^ by the action of sulphuric 
acid {d 1'84) at 100° into 6-melhylamino-m-tolyl-ip-tolykulplme, 
CjH^Me-SOj'CjHjMe'NHMe, colourless, fluorescent, prismatic plates 
m. p, 138° (corresponding acehjl <lorivative, colourless, prismatic 
needles, m. p. 149—150°); with .sulphuric acid {d 1-74) at 120f 
N-methyl-p-toluidine is mainly produced together with smoli 
amounts of the sulphone, whilst the acid (d 1-67) cause.s quanti- 
tative hydrolysis. N-p-Toluenesulphonylethyl-p-toluidide, coarse, 
colourless prisms, m. p. 51—52° (Witt, loc. oil., gives m. p. 71— 
72°), behaves similarly to the methyl compound. Tolumt-p- 
sulphonyl-'p-rilroanilide, yellow prisms, m. p. 191° (from the com- 
ponents in the presence of pyridine), is hydrolysed by sulphuric 
acid {d 1-84, 1-74, or 1-6). N-p-Toluencsulphonyhnethyl-p-mtro- 
anilide, yellow prisms, m. p. 176° (Morgan and Micklethwait, 
T., 1912, 101 , 146, give m. p. 182°), could not be isomerised to the 
sulphone, but is smoothly converted into N-methyl-p-nitroaniline. 
Similarly, isomerisation could not bo induced in the cases of toluene- 
p-sulphonyl-p-aminoanilid'. or N-p-toluencsulphonylmethyl-y 
aminoaniUde, from which the corresponding bases are produced 
quantitatively. Toluene-p-sulphonyl-p-sulphonanilide, 
CjHjMe-SOj-NH-CjHj-SOjH, 

is obtained in the form of its -pyridine salt, long, colourless, pris- 
matic needles (+IH 2 O), m, p. 177° ; it is quantitatively hydrolysed 
to sulphanilic acid by sulphuric acid [d 1-84) at 95° or 
{d 1-74) at 110°. Sodium ])-(oluenesulphonylmethylsulphairMe, 

C jHjMe-SOj'NMe'CjHj-SOgNa, colourless, slender needles ( 4 - 21120 ), 
decomp, about 295°, is hydrolysed by sulphuric acid {d 1'84 or 1'74) 
to 'S-methyl-Tp-mlphanilic acid, colourless, lustrous plates, m. P- 
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244—245° (deoomp,). Toluene-p-sulphonyl-p-ch!oroanilide, m. p. 
95—96“ (flcetyl compound, long, prismatic needles, m. p. 154°), 
could not be isomerised. p-TolmnesulphonylmdAyl-p-cMoroanilide, 
colourless crystals, m. p. 96 — 97°, is almost quantitatively hydro- 
lysed by sulphuric acid to N-methyl-p-chloroaniline, b. p. 242°/768 
min. ; small amounts (6%) of 5-chtoro-2-methylaminophenyl-p- 
tolylsidpAone, G 8 H 4 Me'SO,"C 5 H 3 Ct-NHMe, colourless prisms, m. p. 
156“ {acetyl derivative, m. p. 157 — 158°), are produced simul- 
taneously. H. W. 

The Benzene [Formula] Problem. IV. The Naphthalene 
Formula, A. von Weinberg (Ber., 1921, 54, [B], 2168—2171).— 
The theory of intramolecular vibration has led the author previously 
(A., 1919, i, 314) to assign a symmetrical formula to naphthalene. 
The unsyinmetrical formute of von Auwers and Friihhng (this vol., 
ii, 230) and of Mayer and Bansa (this vol., i, 175) are criticised. 
The following is propounded as a safe empirical rule for the recog- 
nition of aromatic nuclei : “ Only aromatic amino-derivatives yield 
diazo-compounds which can bo coupled to azo-dyes and only in 
the case of aromatic substances is it possible to introduce a hydr- 
oxyl group by sulphonation and subsequent fusion with alkali.” 
From both points of view, the symmetrical, purely aromatic struc-, 
ture of benzene appears to bo one of the most firmly estabUshed 
facts of organic chemistry. 

The author’s formula for naphthalene involves the assumption 
that the p-carbon atoms arc in more intense vibration than the 
«-oarboh atoms; evidence in favour of this view is found in von 
Auwers and Friihling’s measurements of a number of et- and ^- 
dcrivatives of naphthalene. H. W. 

The Pluorene Series. V. 2 : V-Dichlorofluorene. A. Sieg- 
i.iTZ and J. ScHATZKEs {Ber., 1921, 54, [B], 2072— 2078).— It has 
been shown previously (A., 1920, i, 605) that the methylene group 
of 2 : 7-dibromofluorene is considerably more reactive than that of 
the parent hydrocarbon; this is now shown to be also true of 
2 : 7-dichlorofluorene. 

2 : 7-Dichlorofluorene, flat platea or needles, m. p. 128“, is pre- 
pared according to the directions of Hodgkinson ,and Matthews 
(T., 1883, 43, 170) and the position of the halogen atoms is proved 
definitely _ by conversion of the substance into 2 ; 7-diohloro- 
fiuorenone. It condenses with the requisite aldehyde in boiling 
alcoholic solution in the presence of sodium ethoxide to yield the 
following derivatives (2 : 2' : 7 : T ■telraoHoro-^i-iihiphenylene-ty^'i- 
butadiene, small, cinnabar-red needles which do not melt below 
300°, is invariably formed as by-product) : 2 ; l-dicUaro-Q-benzylidtne- 
fiuorene, pale yellow rods, m. p. 94° ; 2 : l-dkUoro-'i-o-melhyl- 
benzylidenejiuorene, yellow rods, m. p. 142 — 143° ; 2 : T-dichloro- 
^■TH-methylhenzylidenepuorene, pale yellow crystals, m. p. 96 — 97° ; 
2 : l-dicMoro-ii-p-nielhylbenzylidenelliiorene, long, lemon-yellow 
needles, m, p. 148°; •2:l-dicUoro-^-p-iaoprojiylbenzyUdenefl'uorene, 
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pale yeUow rods, m. p. 94^95°; 2 : 2' ; 7 : T -tetracklorokovfuh^i , 

ide7iedi~9 : 9 -fiv.ore.ne^ bright yellow needles, m. p. 253 -254° 

2 ; l-dichloro-^-p-aldehydobenzylidenefluorene, deep yellow nooji ' 
m p, 204~205» ; 2:2': 7: T-MradUoro-Q : 9'.*riep&4S> 
dijlvorene, egg-yellow needles which do not melt below 28™ 

2 : l-dichloro-^-o-chlorobenzyhdeHelluorene, slender, pale oran^ ’ 
yellow needles, m. p. 1.59-100“; 2 -.l-dicMoro-Q-m-chlorohS' 
idcnefiiiorene, yellow needles, ni. p. 134—135“; 2 ■. 1 -dicUoro 
chlorobenzylidMriefhtorene, matted, lemon-yellow needles, m. 0 . 204 ?" 
205° ; 2 ; 1 -dichloro-Q-2' : 6'-dichhrobenzylidenefluore,ne, canary vpIIa, . 
leaflets, m. p. 212 — 213°; 2 :l-dichloro-9-m.-bTomobenzylidenf 
fluoreiie, microscopic, yellow needles, m. p. 146—147“ ; 2 : 1-dichh 

^■]>-amsyhdemflzioreHe, long, dark yellow needles, m. p. 126 127 °' 

2 : 7^-dicKloro-^-piperonylideneflnorene, orange-yellow needles m 
165 ; 2 : 'l-dirMoro-^-o-}}itrobenzylidenefluorene, microscopic ' yellnu- 
needles, m. p. 173 — 174°; 2 : l-dicUoro-^-m-nitrohenzyliduneSuoreric 
lemon-yoUow needles, m. p. 180—181°; 2 : 7.*c«oro.9-n.,„:,„ 
benzyhd&nefluorene, yellow needles, m. p. 196—197“; 2 : l-dicUoro- 
Q-cin7iamylideneflvorene, dark orange needles, m. p. 191°; 2 ■ 7 ' 
dtMoro-f>-fi(rfurylidenef!iiore)ie, greenish-yellow needles, m, p. 1 <) 0 -! 
191“ ; ethyl 2 -dkhloro-^-fl uoreueglyoxylate, lustrous, yellow needles 
m, p. 155 — 156“ {benzoyl derivative, m. p. 156 — 157°), ’ 

The following fulvanes of 2 : 7-dichlorofluorene are prepared bv 
reduction of the corresponding fulvene with aluminium amalgam 
in moist ethereal solution : 2 : l-diehlom-9-beiizylfiuorene, colourless 
leaflets, m. p. 110 — 111 °; 2 ■. 1 ■dichloro-9-mcthylbenzyljiuorm 
colourless leaflets, m. p. 136-137°; 2 : 7-d/c«oro-9-p-isopmw; 
benzylflnoreiie, colourless needles, m. p. 115°; 2 : 7 -dichlom-U- 
chlorooenzylflvoreue, colourless leallets, m. p. 116 — 117 ®- 2 7 . 
M/oro-9^2' ; (S' -dichlorobenzylfl uorene, long, colourless needles, m. p. 
137 138® ’ "" ' colourless leaflets, m. p. 

’2-XUro-9-p-chhrob€}KyIkleiie/htor€He crystallises in dull yellow 
microscopic needles, m. p. 246®. H W ' 


Nitration^ Heixrich Wielano and Franz Rahn {Ber., 1921, 
[5]j 17/6 17/5), — It has been shown previously (Wieland 
and Sakellarios, A., 1920, i, 280) that ethylene is converted by 
nitrating acid into a mixture of ethylene dinitrato and P-nitroethyi 
nitrate, and hence that the primary proce.ss of nitration is the 
same in the aliphatic as in he aromatic series. In thig instance, 
however, simultaneous esterification which is guaranteed by the 
presence of sulphuric acid is necessary for the protection of the 
product against further oxidation. In tlic present communication, 
a number of instances is recortled in which nitric acid is added 
^rectly at an aliphatic double bond; the most remarkable feature 
is the striking readiness with which such addition occurs. 

aa-Diphenylethylene is converted by absolute nitric acid in 
carbon tetrachloride solution at —10® into p-nitro-otH-diphenyl- 
ethyl alcohol, 0 H*CPh 2 'CH 2 'N 02 , colourless crystals, m. p. 10(i®, 
which is identical w’th the substance described by Anschutz and 
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as “ diphenylglycol mononitrite ” (of. 
also Anschutz and Hilbert, following 
abstract). In a similar manner, 
phenanthrene gives the ether (annexed 
formula), colourless, slender needles, 
m. p. 167° (cf. Schmidt, A., 1901, i, 
76). The primary product of the 
action of nitric acid on p-methyl- 
AP-butylenc could not be isolated, the 


reaction leading to the production of y-nitro-P-methyl-A?-butylene, 
CMcjICMe'NOj, an almost colourless liquid, b. p. 79 — 80°/17 mm., 
and nitroisoamyl nitrate, b. p. 135°/17 mm. 

[With F. Eeindel.] — A solution of ma-diphenylethylene in light 
petroleum is transformed hy nitrogen peroxide into a^^-dinitro- 
xa-diphmylethane, colourles.s needles, m. p. 68°, which is converted 
by sodium hydroxide solution into p-nitro-aot-diphenylethylene, 
m. p. 87° (of. Anschiitz and Romig, loc. cil.). The remarkable 
rapidity with which nitric acid is ^ded at the double bond is 
illustrated by the observation that (J-nitro-ax-diphcnylethyl alcohol 
is the sole product of the action of nitrogen peroxide on ax-diphenyl- 
ethylene if extreme care in excluding the presence of every trace of 
moisture is not taken. H. W. 


Action of Nitric Acid on aa-Diphenylethane and sa-Diphenyl- 
ethylene. Richard Anschutz and At.i'ked Hilbert (Ber., 1921, 
54, [B], 1854 — 1859). — In connexion with the recent publication 
of Wicland and Sakellarios (A., 1920, i, 280; cf. Wieland and 
Rahn, preceding abstract), the authors have repeated the work of 
Anschiitz and Romig (A., 1886, 1033) on the nitration of a=t-diphenyl- 
ethane and ect-diphenylethylene in glacial acetic acid solution. 
The products described previou.sly as diphcnylethylene glycol 
mononitrite, diphenylvinyl nitrite, and “ dinitrite ” are shown to 
be [l-nitro-*a-diphenylethyl alcohol, p-nitro-aa-diphenylethylene, 
and pp-dinitro-as-diphenylcthylene re.speotively. the course of 

tlie change being indicated by the scheme : CPh. 2 !CH 2 

OH-CPhyCHj'NOj OPh.iCH-A'O ."”™- OH-CPha'CHlNOalj 

CPhjiClNOjlj. The reduction of the latter to diphenyl- 
acetonitrile occurs in the following manner ; CPh 2 iC(N 02)2 
CPhjiClNHjla CPhyCiNH CHPhj-CN. The same sub- 

stances are also produced from diphenylcthane ; this is due to 
oxidation of the latter to dipheujdraethylcarbinol, which is con- 
verted with loss of water into diplienylethylene. 

H’he authors give a facsimile of a private communication of 
Kekule which shows that the latter, in 1877, considered the product 
of the action of nitric acid on ethylene to be nitroethyl nitrate. 

H. W. 


Reduction of Organic Halogen Compounds. IV. The 
Tetra-arylbutane Series and ao^S-Tetraphenylbutatriene. K. 
Brand (Ber., 1921, 54, [B], 1987—2006; cf. A., 1913, i, 1169, 
1170). — Temporary inability to obtain the requisite supply of 
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electricity has led the author to CM^ntinue his experiments w +u 
chemical reducing agenta. 

p^p-Trichloro-aa-diphenylethane is reduced by Devarda’s 
Arndt’s alloy in boiling alcoholic (95%) solution to ^^yy-telrarhir^^ 
aaSS-tetraphenylbutane, CHPhj-CCVCCL-CHPtu, colourless 
m. p. 188 — 190°; acetaldehyde and tetraphenyldichlorobutene T' 
also produced, whilst much PPp-trichloro-otK-diphenylethane 
mains unattacked. In general, the yields are not particularlv 
md the method is less suitable than the electrochemical mL, 
W^en treated similarly, ppp-tribromo-oect-diphenylethane river* 
mixture of ^^yy-tetrai)r(mo-aaiS4etraphenylbutane, colourless orvst-ai.* 
m. p. 196 — 197°, and probably of the stereoisomeric &y-dibrom 
mxm-telraphenyl-^.l^-b'ideties, colourless needles, m. p. about ISfu 
131°. PPyy-Tetrachloro-iiaSS-tetraphenylbutane is reduced bv zin 
dust in boiling glacial acetic acid solution to Py-dichloro-aixSS-teta' 
phenyl-A^-butene, which is separable by fractional crystallisation 
from light petroleum and alcohol into the stereoisomeric form. 
m. p. 106—108° and 137—138°, respectively; the fractions appea; 
to be umform under the microscope, but the melting pointe are 
not very definite. A similar elimination of two atoms of halosen 
occurs when the tetraehloro-eompound is treated with zinc d^t 
and_ alcohol or with hydrogen in the presence of palladiaiiised 
calcium carbonate, or is reduced clectrochemioally at a lead cathode' 
m no case is the halogen replaced by hydrogen. ppyy-Tetrabromo- 
aaSt'-tetraphenylbutane, on the other hand, loses the whole of its 
bromine when subjected to reduction, and is converted, for example 
by zinc dust in boUing glacial acetic acid solution, into aaSS-tetia’ 
phenyl-A^.butinene, CHPhj-OiC-CHPhj, colourless needles, m. p. 
118°. Py-Diohloro-aa88-tetraphenyl-.X^-butene is remarkably stable 
towards bromine, chlorine, potassium permanganate, and chromic 
acid in glacial acetic acid solution, with the latter of which it yields 
benzophenone in very small amount. It is transformed by boiling 
alcoholic potassium hydroxide solution into ax6b-te(raphenyl-l'^- 
butatriene, CPhjlClClCPhj, long, yeUow needles, m. p. 240°; the 
latter is oxidised quantitatively by chromic acid in glacial acetic 
acid solution to carbon dioxide and benzophenone, and is reduced 
by sodium and amyl alcohol to aadS-tetraphenylbutane, m. p. 121° 
(of. Valeur, A., 1903, i, 416), and by amyl alcohol and amalgamated 
zinc wool to aa88-tetraphcnyI-A“>-butadiene, long, colourless 
needies, m. p. 202° (cf. Valeur, toe. eit.). It is converted by ex- 
posure to strong sunlight into the hydrocarbon, (CjgHjjlj, yellow 
ciystals with green fluorescence, m. p. 280°, the investigation of 
which is not yet complete. Punlie and Arup (T., 1910, 97, 1538) 
have described a substance, colourless crystals, m. p. 157 — 158°, 
which they obtained by the distillation of 2:2:5: 5 -tetrapbenyl- 
2 : 5-dihydrofuran with zinc dust and considered to be aiSS-tetra- 
pheuyl-A«^T-butatriene ; this is not identical with the author’s 
substance, and the reason for the difference has not been elucidated, 
A second hydrocarbon, orange-coloured platelets, m. p. 207 — 208°, to 

which the formula is ascribed provisionally, 
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is isolated from the mother-liquors Obtained in the preparation of 
tetraphenylbutatriene ; it is oxidised by chromic acid in boiling 
glacial acetic acid solution to carbon dioxide, benzophenone, and 
tbenzoylbenzoic acid. H. W. 

Beduction of Organic Halogen Compounds. VI. auSS- 
Tetra-aryl-A^-butinene. K. Brand (Ber., 1921, 54, [B], 2017 — 
2021).— It has been shown previously (Brand, Zeilsch. EleUrocMm., 
1910, 16, 669) that pgp-trichloro-aot-diphenylethane is reduced in 
boiling alcoholic solution at a lead cathode to a compound, C 4 H 2 Ph 4 , 
and later (Brand and Matsui, A., 1913, i, 1170), the similar p-tolyl 
and p-anisyl compounds have been prepared. At that time 
it was impossible to decide between the alternative formulae, 
CHPhj'CiC'CHPhj and CHPhj-CHlClCPh^, for the parent sub- 
stance, since it is indifferent towards bromine and, on oxidation, 
gives relatively greatly varying amounts of benzophenone and 
diphenylacetic acid. The preparation of these compounds by the 
reduction of plJyy-tetrabromo-aotSS-tetraphenylbutane and gjJvy- 
tetrahromo-«a58-tetra-p-anisylbutane (preceding abstract and this 
vol., i, 787) leaves no doubt that they have the structure 
CHArj-C-C-CHArj. 

The unusual course of the oxidation of the phenyl derivative is 
explained by the observation that it yields axSS-tetraphenyl-A“^i'- 
butatrieno when treated with calcium permanganate in well-cooled, 
aqueous pyridine solution: CHPhj-CiC'CHPho-l-O-t-HjO — >■ 
CHPh2-C(OH);C(OH)-CHPh2 -> CPhjlClClCPhj. 

The author's previous assumption that the reduction of trichloro- 
iiphenylothano to the butincnc hydrocarbon occurs through the 
successive stages, ^Pyy-tetrachloro-xaSS-tetraphenylbutane, and 
^y-diohloro-aaJS-tetraphenyl-A^-butene, is rendered untenable by 
the observation that the latter substance is highly resistant to 
electroljdic reduction at a lead cathode. It now appears more 
probable that the primary action consists in the complete removal 
of chlorine from the ethane derivative, with formation of the 
radicles, CHPhj-Ci, which then unite in pairs with production of 
the butinene compound. H. W. 

Keto-anils. I. Preparation of Aliphatic Keto-anils and 
Fission of Keto-anil AUcyliodides by ABcali. E. Knoevenaoel 
with Otto Jageb] (Ber., 1921, 54, [B], 1722 — 1730). — A number 
if keto-anils have been prepared by the action of aromatic amines 
in aliphatic ketones in the presence of iodine. They are hydrolysed 
ly acid with greater or less readiness, but are extremely stable 
owards alkali hydroxides. They combine readily with alkyl 
odides, but the products formed are not the normal salts of 
quaternary ammonium bases, since, although they are stable 
awards hot acids, they are attacked readily by cold dilute alkalis, 
«ith the formation of substances which, according to analysis, are 
bto-anils into which the alkyl group has been introduced ; pending 
the full elucidation of their constitution, it is proposed to term them 

alkylketo-anils.” Certain of the primary products of the action 
if alkyl iodides on keto-anils exhibit a gradual change in melting 
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point when preserved ; this is explained by the hypothesis oi 
isomerisation according to the scheme : CMe 2 .NMeI*CgH^J|g ^ 

H.J H.J 


CH,:CMe' 


or 


Me,C- 


' \/ 

CH, 


The same com- 


pound is obtained from cither isomeridc by the action of cold 
dilute alkali. The alkylketo-anils can also combine wth alkyl 
iodide, giving normal quaternary ammonium iodides which arc 
stable towards alkali and are tramsforraed by silver oxide into the 
corresponding hydroxides j the latter lose alcohol when distilled 
and regenerate the aikylkcto-anil. 

The following individual substances are described ; Acelomnil 
{from the components and iodine under pressure at or by 
protracted heating under a redux condenser), a pale yellow liquid, 
b. p. 132713 mm„ m. p. 23-o° [hydrochloride, m. p. 182—184’; 
methiodide, colourless crystals, m. p. 148°. Methylacetormnil, a 
pale yellow liquid, b. p. 142°/13 mm., which yields a hydrocHoriie, 
m. p, 166 — 167“; a hydriodidc, m. p. 139—141° and a methiodiii, 
colourless crystals, m. p. 158° (dccomp.)]. Acetone--p-tolil, a pale 
yellow liquid, b. p. 140°/11 mm., m. p. 36“ [methiodtde, m. p, 148’ 
(decomp.), which rises when the substance is preserved during four 
weeks to 158“]. MethyliKetom-^-tolil, a pale yellow liquid, b. p. 
155°/14 mm. (hydrocUoride, m. p. 164—165°; hydriodidc, m. p, 

80 82°; methiodide, colourless needles, m. p. 157-5— 

benzyliodide, m. p. 198°). Acetone-p-tolil reacts with alkyl haloids 
with greatly varying velocity, yielding thus the clhiodide, colourless 
needles, ml p. 100—105°, n-propiodide, m. p. 116°, benzykhhrik, 
m. p. 211—212°, and benzyliodide., m. p. 140—142°. BenzyhceloM- 
p-tolil has m. p. 104—105°. Acetone-o4olil, b. p. 138'5— 139-5“/H 
mm, (hydrochloride, m. p. 200—205°; methiodide, colourless crystals, 
m p 151°). Ac^ne-m-tolil, b. p. 143-5 — 144-5°/12 mm., m. p, 
25° (hudrochloride, m. p. 226—228°; methiodide, m. P- 159} 
Acetone-o-anisidil, a glassy solid, b, p. 150 — 102°/13 mm. [methoiik 
(crude), m. p. 105—115°]. Acetone-o-pheneidd, m. p, 63 [meth- 
iodide (crude), m, p. 120-130°]. . 4 cc<OM-p-pfenet»*l, a pale 
yellow liquid which solidifies to a vitreous mass, b. P- *69 /I}™- 
{methiodide, m. p. 179°). Methyl ethyl ketoaml, b. p. Io2-lo3 
mm. {methiodide, m. p. 208—211°, which when treated with tote 
alkali gives a Hgirid, b. p. 157 — 164°/14ram.). 

Manufacture of Alkylamides of Aromatic Sulphonic Acids^ 
BbITISH CeIXULOSE .tsi) (iHEMICAr, JIeo. Co., .J;"™-’ 
BADEE,and Do.s.ald Aecher Xightinoale (Brit. Pat. 

Aromatic sulphonalkylamides are obtained by the acuon c 
aromatic sulphonyl chlorides on alkylamine salts in ^ 

alkali carbonate or other suitable acid neutralismg .ago , 
small quantity of water, preferably not ® (" yg jg 

reaction mixture. For example, xylenesulphonm J 
obtained in almost theoretical yield by mmng .jjLmine 

1400 parts of xylenesulphonyl chloride, 470 parts of m y 
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hydrochloride, and 900 parts ot sodium carbonate, the total moisture 
content not exceeding 5%. The product may conveniently be 
isolated by extraction with benzene followed by distillation in 
a vacuum. G. F. M. 

Reduction of Organic Halogen Compounds. V. Phenol 
Ethers of the Tetraphenylhutane Series. K. Brand and 
Fr.4NZ Kekchek (Ber., 1921, 54, [B], 2007 — 2017).— The observa- 
tions recorded in the preceding paper (this vol. i, 783) have been 
extended to the corresponding pp'-dimethoxy- and pp'-diethoxy- 
derivatives. The behaviour of the former is exactly similar to that 
of the parent substances, whereas the latter pass mainly into 
jjp'-diethoxystilbene. 

^PP-Trichloro-aa-di-p-anisyletliane is converted by Devarda’s or 
Arndt’s alloy in boiling alcoholic solution (the success of the method 
depends considerably on the water content of the alcohol) into 
i'^'jyMracUoro-tia.hh-UtTa-^-ayiisylh'uiarie, 

CH(C5H4-0Me)2-CClyCClyCH(C5H4-0Me)2, 
in. p. 204°, and dichlorotctra-anisylbutene. Under similar con- 
ditions, ’^^^■Inbromo-oLai-di-p-anmilelham, colourless needles, m. p. 
113° (from bromal hydrate, anisole, and concentrated sulphuric 
acid in the presence of glacial acetic acid), yields ^^yy-tetrabrom- 
ctdMra-f-ankylbutane, small, coarse needles, m. p. 203° (decomp.). 
PPyy-Tetrachloro-aiSfi-tetra-p-anisylbutane is reduced by zinc dust 
and boiling glacial acetic acid or, more slowly, by zinc dust and 
alcohol to the stereoisomeric ^y-dkUoro-urtU-telra-'^-anisyl-hP- 
butenes, colourless needles, m. p. 129 — 130° and lustrous leaflets, 
in. p. 182°, respectively ; the corresponding tetrabromo-derivative, 
on the other hand, is reduced to ot3t58-tetra-p-anisyl-A*-butinene, 
in. p. 110° (of. Brand and Matsui, A., 1913, i, 1170). The stereoiso- 
meric dichloro-oompounds, m. p. 129 — 130° and 182°, respectively, 
are reduced by sodium and ethyl or amyl alcohol to aacS-fefro- 
P'a«isyi-A»f/-i«ttoiricjie,C(C5ll4-OMc)2lC;C!C(OgH4'OMc)2,longyellow 
or orange needles, m. p. 242°, and a sitfolance, C 3 . 2 H 2 g 04 , red 
needles, m. p. 173°, to which, by analogy with the corresponding 
compound derived from dichlorotetraphenylbutene (this vol. i, 783), 

the formula is ascribed. The 

tetra-anisylbutatriene is oxidised by chromic acid in warm glacial 
acetic acid solution to carbon dio.xidc and pp'-dimethoxybenzo- 
phenone, m. p. 144°; it is reduced by sodium in boiling amyl 
alcoholic solution to "tzSS-tctra-p-anisylbutane, m. p. 116“ (cf. 
Brand and Matsui, /or. cit.), and by hydrogen and paUadised 
charcoal to tetra-p-anisylbatadicne (cf. Brand and Matsui, loc. cit.) 
or the butane compound. az85-Tetra-p-anisyl-A“f*i'-butatriene is 
much more sensitive to light than the corresponding phenyl com- 
pound, and after comparatively short exposure becomes converted 
into a substance, (CjjHjjOjlj, greenish-yellow, strongly fluorescent 
crystals, m. p. 280°, and a smaller amount of a product, colourless 
needles, m. p. 280°, which has not yet been investigated further. 

Reduction of fl.8p-triohloro-oia-di-j)-pheuetylethane by Uevarda’s 
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or Arndt’s alloy gives a 2 — S^/a of jip'-diethoxystilbene m 

204 — 205°, together with small amounts of a substance, colouri ^ 
needles, m. p. 146°, which is possibly dichlorotetraphenetylbutec** 
CSJH3JO4CI2. Under similar conditions, pp'-diethoxystilbene 
obtained from ^^^-tribromo-atL-di-p-phenetylethane, colourless needlp^ 
m. p. 119°; a compound, colourless needles, m. p. 180°, which *’ 
obtained simultaneously, may possibly be dibromotctraphenetvl* 
butene. . H. W" 

Semipinacolic and Semihydrobenzoluic TrauspositioM 
in the a-Phenyl-p-methylpropane-ap-diol Series. Action of 
' Dilute Acids on the Glycol and its Oxide ; Elimination of 
HI from the Corresponding lodohydrin. M. Tifpeheau atd 
A. OnfeHOFF {Bull. Soc. chim., 1921, [iv], 29, 809 — 820) 
more detailed account of work already published (this vol. i 045^ 

V.G, 

Semipinacolic and Semihydrobenzoinic Transpositions in 
the Phenyldimethylglycol Series. Action of Concentrated 
Acids. (SlixE) Jea.nne Lfivy {Bull. Soc. chim., 1921, [iv], 29 
820 — 829). — «-Phenyl-P-methylpropane-aP-diol undergoes the semi 
hydrobenzoinio transpositions with dilute acids, giving ct-phenvi 
«-methylpropaldehyde (cf. this vol., i, 243), but if concentrsted 
acids are used the semipinacolic transposition, resulting in the 
formation of P-phenylbutanone, is produced. Thus dilute sulphnrio 
acid and 50% oxaho acid produce the aldehyde, concentrated 
sulphuric acid gives the ketone, and phosphoric acid gives both the 
aldehyde and the ketone. Dimethylstyrene and its oxide behave 
in the same manner as the glycol in the presence of dilute and oom 
centrated acids respectively. \V. Q. 

The Phenylalanine Series. I. Synthesis of 1-3 : 4-Dihydr- 
oxyphenylalanine. E. Waser and M. Lewandowski (Bek 
Chim. Acta, 1921, 4, 657 — 666). — Contrary to the statements of 
Funk (T., 1912, 99, 1004), tyrosine may be nitrated without racemis- 
ation, and aminotyrosine may be diazotised. l-3-Nitrotymim, 
C9H10O5N2, m. p. 222 — 224 (decomp.), [a]);’ -|-3-21° {hijdrochioride, 
radiate, yellow needles, m. p. 237°, deoomp.), from l-tyrosine by 
nitration (Johnson and Kohmann, A., 1915, i, 899), on reduction 
(Funk, loc. cit.) yields l-3-aminolyrogine, needles, m. p. 287'o" 
(decomp.), [a]l; — 3-61°[h_' drochloride, prisma, m. p. 175° (decomp.)]. 
The orientation of these compounds follows from the conversion in 
excellent yield of the amino-derivative into 1-3 : 4-dihydroxyalanine, 
identical in all respects with the natural product, by adding the 
diazotised solution to boiling copper sulphate solution. 1-3 : 4- 
Dihydroxyphenylalanine hydrochloride forms rosettes of prismatic 
crystals, m. p, 209°, decomp. 220°. J- 

Optically Active Bromohydroxy-p-phenylpropionic Acids. 
E. Berner and C. N. Ruber {Ber., 1921, 54, [R], 1945—1960; 
cf. A., 1917, i, 562). — The theoretically possible phenylbromo- 
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hydroxypropionic acids have been prepared and their relative 
configurations provisionally deduced. The following isomerides are 
possible. 

Ph Ph Ph Ph 


H-C-Br Br-C-H 
■*'ho-c-h H-C-OH 

(. COjH COjH b. 


__ H-i-Br Br-L'-H , 
H-C-OH HO-C-H'*’ 
a. iOgH COjH b. 


(!■) 

Ph Ph 

H-i-OH HO-i-H 
'^Br-C-H H-(^-Br 
0. CO,H COjH b. 


(HI.) 


(ir.) 

Ph Ph 

H-i-OH HO-C-H 
■*'II-C-Bt Br-C-H “ 
a. COjH COgH b. 

(IVd 


Phenylglyoerio acid, m. p. Wl", is converted by aqueous hydro- 
bromic acid solution, saturated at 0°, into r-p-bromo-a-hydroiy- 
3-phenvlpropionio acid, monoclinic-prismatio or monoclinic-domatic 
crystals, o ; 6 : c= 1-822 : 1 ; 0-999, .8=92° 42', i 1-876, m. p. 165°. 
Similarly, d-phenylglyoeric acid, m. p. 164°, yields d-p-bromo-a-hydr- 
ovy-P'phenylpropionio acid (In) whilst the i-acid (15) is similarly 
prepared from the corresponding glyceric acid ; the optically active 
acids, m. p. 143°, d 1-700, form monoclinio sphenoidal crystals, 
a : 5 : c= I -9862 : 1 ; 0-8564. The i-acid has [aj^ - 122-7°, [a]? - 95-3°, 
[s]f -161-8° in 97-5 vol.% ethyl alcoholic solution {p=3-036) and 
[ajS— 114-92° (p=l-05); the specific rotation diminishes with 
increasing temperature. The d-acid has [otfS -(-122-9° in ethyl 
alcohol (p=2-48) and [otji! -fll6-0° in acetone. One hundred 
grams of chloroform dissolve 0-30, 1-00, and 1-00 gram of the 
r-, d-, and i-aoids respectively at 20°. A 3% solution of the r-, d-, 
and i-acids in ethyl alcohol (99-80 vol. per cent.) has df, 0-8047, 
0-8046, and 0-8047 respectively. Reduction of the bromo-acids 
by means of sodium amalgam in acidified alcoholic solution gives 
the e(-hydroxy-6-phcnylpropionic acids; a change in the direction of 
p, rotat ion does not occur in the cases of the optically active 

I acids. The configuration la is assigned to the d-acid on 
H-lj'-OH account of its relationship to d-phenylglyceric acid, 
HO-C-H which the annexed formula is assigned arbitrarily, 
CO H assumption being made that configurational change 
^ does not occur during the replacement of hydroxyl 
by bromine. 

r-Phenylglyceric acid, m. p. 122°, is converted by hydrobromic 
acid solution into r-P-bromo-oc-hydroxy-p-phenylpropionic acid, 
ra. p. 157°, d 1-674, monoclinic-prismatic or monoclinic-domatic 
crystals, a : 5 : c=l-814 : 1 ; 0-976, 6=93° 21'. Similar treatment 
of the active phenylglycerie acids yields the optically active 6-5romo- 
a.-hydroxy-^-phenyl'propimic acids, reaction being accompanied by 
change in the direction of rotation. The latter form monoclinic, 
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sphenoidal crystals, a : 6 : c= 1-9840 : 1 ; 0-8543, p=94° 5' m „ 
138'’: the 1-acid has [a]S -121-7°, [«!? -94-2°, M -160-1" 
ethyl alcohol (97-5 vol. %) and [«]„ —113-4° in acetone Thp 
d-acid has [a]?,' +122-3° (p_=2-888)^ and +117-6° (^= 1 - 444 ) ^ 
alcohol; the specific rotation diminishes -with increasing tcm- 
peraturc. One hundred grams of chloroform dissolve 0-20, 2-60 
and 2-60 grams of the r-, d-, and 1 -acids respectively at 20 °. nj 
configuration II 6 is assigned to the d-acid, since, on reduction -mtl] 
sodium amalgam, it yields the same d-a-hydroxy-p-phcnylpropionjc 
acid as is obtained from the acid lo. 

r-ot-Bromo-p-hydroxy-fi-phenylpropionic acid is prepared by 
boiling dibromocinnamic acid with water or by the addition of 
hypobromite to cinnamic acid. Under suitable condition, it can 
be isolated in two dimorphous forms, the n-modification, nj, p 
125°, d 1-607, consisting of monoclinic crystals, a-.b\(s 
1-0099 : 1 : 1-1875, p=126° 45', whereas the ^^-modification forms 
rhombic crystals, d 1-691, a:b: c=0-7067 : 1 : 1-2963. The former 
modification is stable at the atmospheric temperature, whereas the 
latter is labile. The optically active acids are prepared by resolu. 
tion of the r-acid by cinchonine (cf. Barkow, Diss. Mannheim, 
1906) or by treatment of the active dibromosuccinic acids with 
water ; contrary to the observations of Barkow (loc. cii.), the latter 
reaction occurs without change in the sign of rotation. The d-add 
forms monoclinic-sphenoidal crystals, a : 6 ; c=0-63.5 : 1 ; 0-697, 
3=104° 38', m. p. 119°, d 1-736; it has [a]?' +15-6°, [a]i« -1-20-2”, 
[aji? +26-4°, [ajit +32-4° (p=3-01), and [«K +10-5° (p=l-o3) in 
ethyl alcohol (99-75 vol. %); the specific rotation increases with 
rise in temperature. The values, m. p. 116°, ' -18-2°, in 

absolute alcohol were found for the (-acid. One hundred grams 
of chloroform dissolve 0-30, 0-66, and 0-37 gram of the r(i)-, 
r(p)-, and d-aoids respectively at 20°. A 3% solution of the r-acid 
in alcohol has dej 0-8047. Eeduction of the a-bromo-g-hydrosy. 
3 -phenylpropionio acids by sodium amalgam leads to the formation 
of the 3 -hydroxy- 3 -phenylpropionic acids, and is not accompanied 
by change in the direction of rotation in the cases of the optically 
active acids. Treatment of the r-acid, m. p. 125°, with hy+o- 
bromic acid gives dibromocinnamic acid, m. p. 195°, whereas the 
d-acid yields d-dibromocinnamic acid, m. p. 182°, [*]il -t-lo-S', 
thus pointing to the coiihgin-ation Ilia for the d-acid. 

r-et.-Bromo-^-hydro.n/-fi-; heiiylpropionic acid, m. p. 69° (formula 
group IV), cannot be prepared by the treatment of adocinnarnic 
acid dihromide with boiling water (which gives the stable acid, 
III, m. p. 125°), but results from the addition of hypobromite to 
potassium adocinnamato solution; it forms rhombic, probably 
bipyramidal, crystals, a ; 5 : c=0-6602 : 1 : 1 -2694, d 1-724. The 
active components are produced by the resolution of the r-acid by 
means of strychnine in mcthylal solution and form monocliiuc- 
sphenoidal crystals, 0 : 6 : c=l-1055 : 1 : 0-8749, p=113° 2 , m. p. 
97°; the (-acid has [af -8-25°, [aji) -9-39°, “ 

ethyl alcohol (99-80 vol. %) for p=2-30 and [oc]" —13-06° (p=0-sb). 
The values, m. p. 93^94°, [aJJ +7-81°, in alcohol (p=2-31) aw 
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recorded for the d-acid. One hundred grams of chloroform dissolve 
0-51 and 1-77 grams of the r- and d-acids respectively at 20°. A 
3»4 solution of the r-acid in alcohol has djj 0'8045. Reduction of 
tlie acids by sodium amalgam gives the (i-hydroxy-P-phenylpro- 
pionio acids, the action being accompanied by a change in the 
direction of rotation in the cases of the optically active acids. Treat- 
ment of the r-acid, in. p. 69°, with hydrobromic acid gives cinnamic 
acid dibromide, m. p. 195°, in place of the expected aWo-dibromide 
under similar conditions, the f-acid, m. p. 97°, yields a dextrorotatory 
mixture of cinnamic acid dibromides. 

The methyl esters of the r-phenylglyceric acids, m. p. 141° and 
122°, are converted by phosphorus pentabromide at a temperature 
not exceeding 80° into methyl dibromocimiamate, m. p, 117°. The 
dextrorotatory component of phenylglyceric acid, in. p. 141°, when 
esterifled with diazomethane and treated with phosphonus penta- 
bromide, yields methyl dibromocinnamatc, m. p. 114°, [«]„ -t-22-9°; 
change of sign of rotation is not observed when the optically active 
dibromocinnamio acids arc cstcrified with diazomethane. I'l. W. 


The Fluorene Series. VI. A. Siegi.itz and H. Jassoy {Ber., 
1921, 54 , [B], 21.83 — 2138 ). — Ethyl fliwrene-9-(jlycoUale, 

p«y«>CH'CH(0H)-C02Et, 

colourless rods, m. p. 81 — 82°, is obtained by the reduction of 
a solution of ethyl fluorenc-9-glyoxylate in moist ether with alumin- 
ium amalgam and is transformed by boiling sodium ethoxide solu- 


V H 

tion into dibenzofulvene-K-carboxijlic acid, A®TT*/C7CH-COnH, 

yellow needles, m. p. 227—228® (dcconip.), methyl ester, lustrous 
yellow needles, m. p. 112 — 113°, dhyl ester, which is more conveni- 
ently prepared from fluorenone, ethyl bromoacetate, and zinc in 
boiling "benzene solution, b. p. 248°/l3 mm., m. p. 77°. The 
uiisaturated ester is reduced quantitatively to ethyl fluorcne-9- 
acetate which, wdren treated with hydrazine hydrate in boiling 
alcohoUc solution, gives the corresponding hydrazide, colourless 
needles, m. p. 188° (benzylidene derivative, colourless, slender 
needles, m. p. 192°). The latter is converted in the usual manner 


into the azide, dccomp. 67 — 68°, and methane, long, colourless 
needles, m. p. 112—113°. Conversion of the urethane into 9-amino- 
raethylfluorene could not be elTeided with concentrated hydro- 
chloric acid, sulphuric acid (50%), or concentrated ammonia; by 
distillation with lime, however, a reddish-yeUow, unstable liquid, 
presumably the crude amine, was isolated, which rapidly loses 
ammonia when preserved in contact with air or treated with 
solvents, and yields a solid substance, ( 1 ) dibenzofulvcne. 

The following compounds are obtained by the reduction of the 
corresponding fulvenes with aluminium amalgam : Q-o-methyl- 
benzylfluorene, colourless cubes, m. p. 71 — 72°; 9-p-methylbenzyl- 
fiuorene, colourless cry-stals, m. p. 136 — 137° ; 9 : W-m-xylyhne- 
dijiuarene, needles, m. p. 11^ — 120"; Q : H'-'p-xylylenedifiuorene, 
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colourless rods, m. p. 239 — 240°; 9-o-chloTobenzylfluorene, colourless 
leaflets, m. p. 67 — 68° ; Q-m-chlonAen,zyljluorene, colourless needles 
m. p. 122 — 123°; d-^-ddorobenzylfluorene, long, colourless spikes 
m. p. 150 — 151°; 9-m-bromobenzylJluorene, colourless leaflets, m, p’ 
143—144°; Q-m-iodobenzylfiuorene, feathery leaflets, m. p. 134_J 
135°. 

9-n-Naphthylmeihylfluorene, colourless rods, m. p. 133 — 134° 
and 9-?i-nap}dhylmeiliylflnore7ie, m. p. 164°, are prepared from ethyi 
fluoreneglyoxylate and naphthyhnethyl bromide. H. W. 

The Fluorene Series. TV. Synthesis oi isoBipheuic Acid, 

A. SiEOLlTz and J. Sohatzkes (Ber., 1921, 54, [£], 2070 — 2071).— 
It has been shown recently by Mayer and Freitag (this vol., i, 248) 
that Fiftig’s isodiphenic acid is diphenyl-2 : S'-dioarboxylic acid. 
Its constitution is further confirmed by its production from fluoren- 
one-3-carboxylic acid. 

3-Methylfluorenone, m. p. 68°, is prepared from toluene, toluene- 
p-sulphonyl chloride, and antkranilic acid, and is oxidised by boiling 
potassium permanganate solution to fluorenone-Z-carboxylic atid, 
yellow, crystalline aggregates, m. p. 285 — 286°; the latter is trans- 
fortned by molten potassium hydroxide into tsodiphcnic acid, 
m. p. 213 — 214° after softening at 195°. H. W. 

Colophenic Acid. W. Fahrion {Ber., 1921, 54, [5], 1944).— 
In his recent publication (this vol., i, 512), Aschan appears to have 
overlooked the author’s work on the autoxidation of colophony 
(A., 1907, i, 329). Aschan’s colophenic acid is apparently identical 
with oxyabietic acid. H, W. 

The Mecheinism of the Action of Fused Alkalis. II. The 
Action of Fused Potassium Hydroxide on Phenylglyceric 

Acid. (The late) Henri Kondel Lb Sobor and C yell Cheistli.n 
Wood (T., 1921, 119, 1697—1700). 

i/;-Tetrahydroanemonic Acid. Atsushi Fdjita {J. Phann. 
Soc. Japan, 1921, 679 — 691). — By warming 4-tetrahydroanemonic 
acid (cf. ibid., 1919, 739) with hydrogen iodide or by boiling tetra- 
hydroanemonin with hydrogen iodide {d 1-7), ij/-tetmhydroanetnonie 
acid hydriodide, C1QH15O5I, white prisms, m. p, 124°, is obtained; 
it is unstable and changes iito i/'-tetrahydroanemonio acid when 
warmed with dilute alkali or boiled with water. On reduction 
with zinc and hydrochloric acid, the hydnodide produced an iodine- 
free acid, “ aceUmeaceticvaleric ” [ ? y-keto-octane-xO.dicarbozylk] 
acid, CioHijOj, white needles, m- p. 90° {semicarba^ne, ^ white 
prisms, m. p. 148°). From the semicarbazone, sebacic acid was 
isolated by Wolff’s method of reduction (Annalen, 1866, 139, 86). 
When heated with methyl alcohol and concentrated sulphuric acid, 
i//-tctrahydroanemonin yields methyl-dr-tctrahydroanemonate, a colour- 
less oil, b. p. 184 — 185°/13 ram., produced also from ^-tetrahydro- 
anemonic acid by the same treatipent; the ester yields i/^-tetra- 
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hydroanemonic acid on hydrolysis with cold alkali. i//-Tetra- 
hydroanemonio acid has probably one of the two formulse 


,o-co 

CHj-CiCH-CHa-COjH CHj-C-CHj-CHj 

I/O or I >0 

CHj-CH-CHj-CHj'COjH CH^-CH-CHj-CHj-COjH. 

K. K. 


Constitution of the Peppermint Ketone of Eucalyptus Oils. 

1 . Givaudan & Co. (Per/. Essent. Oil Rec., 1921, 12, 80 — 81 ; 
cf. Smith and Penfold, J. Roy. Soc. New South Wales, 1920, 54, 
40 ).— Since by oxidation piperitone yields 2-hydroxy-A^-meuthen- 

^ PTT*PO 

O-one, it must have the constitution ^CH-CHMej. 

Chemical Abstracts. 


Reactivity of Doubly-conjugated Unsaturated Ketones. I. 
4'-Diinethylamino-2-hydroxydistyryl Ketone. Isidor Morris 
Heilbron and Johannes Sybranpt Buck (T., 1921, 119, 1500— 
1515). 

Reactivity of Doubly-conjugated Unsaturated Ketones. 
II. The Action of Hydroxylamine, Semicarbazide, and 
Phenylhydrazine on 4'-Dimethylamino-2-hydroxydistyryl 
Ketone and its Methyl Ether. Isidor Morris Heilbron and 
Johannes Sybrandt Buck (T., 1921, 119, 1515 — 1520). 

Hydroxycarbonyl Compounds. VI. Phloroglucinol and 
Resorcinol Ketones. P. Kakrer and S. Rosenfei.d (Heh. 
Ohim. Acta, 1921, 4, 707 — 717 ; cf. this voh, i, 341). — An extension 
of previous work (A., 1919, i, 592). Phloroisobulyrophenone, m,,p. 
138—140°, forma a dihydrate, Cf,H2(0II)3'C0'CHMe2,2H20, m. p. 
68°, and gives a brownish-red colour with ferric chloride. Phloro- 
isovakrophenone, CflHjfOHjj'CO'CHj'CHMcj, m. p. 178°, mono- 
hjdrate, m. p. 95°, colours ferric chloride brownish-red. PUoro- 
mhexophenone, C 5 H 2 (OH) 3 -CO'[CH] 2 'CHMe 2 , m. p. 122°, 
monohydrate, m. p. 104°, colours ferric chloride brownish-red. 
Phloroenanthophenone, CjH 2 {OH) 3 -CO'[CH 2 ] 4 "CH 2 Me, m. p. 107°, 
moiwhydrate, m. p. 98 100°. Phloro-octophenone, m. p. 124°, 
nonohydrate, C5H2(0H)3-C0'[CH2]5’CH2Me,H20, m. p. 106°. PJtloro- 
ikarophenone, C 8 H 2 (OH) 3 'CO-[CH 2 ]i 5 -CH 2 Me, m. p. 126 — 127°, 
colours feme chloride brownish-red. Res^utyrophenone, 

C 8 H 3 (OH) 2 'COPr, m. p. 70°; hemihydrate, m. p. 51 — 52°. Reso- 
'mhexophenone, C 8 H 3 (OH). 2 -CO-[CH 2 ] 2 -CHMe 2 , m. p. 83 — 84°, 
colours ferric chloride brownish-red. Resoeruiiithophenone, 

C(H 3 (OH) 2 -CO'[CH 2 ] 4 'CH 2 Me, m. p. 49°, hemihydrate, m. p. 43°, 
reacts similarly with ferric chloride. Reso-octophenone, 

CtH 3 (OH) 2 'CO-[CH 2 ] 5 'CH 2 Me, m. p. 59°, he,mihydrale, m. p. 58°. 
Rdhylpkloroisohexopheiione, CgHMefOHjj-CO-jCHjjj-CHMej, m. p. 
156 °. -Vc%ipAfwoe«onthoph€»!DH.c,CjHMe(OH)3-CO-[OH2]4'CH2Me, 
p. 143 — 144°, forms a monohydrate. MethyljMoro-oetophenone, 
C5HJIe(OH)3'CO-[CH2]5-CH2Me, m. p. 135®, forms a moiiohydrate. 
VOL. cxx. i. ' a a 
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A comparative study of these compounds as remedies against the 
tape-worm showed that the resorcinol may replace the phloro 
glucinol residue, and that other acid residues are equally as effective 
as the butyryl and wobntyryl groups, the fsohexoyl residue betne 
the most valuable. J. K ° 



Action of o-Aminothiophenol on Orthoquinones. in 

K-NUT Stahefoss (Hdv. CUm. Ada, 1921, 4, 644 — 657). Besides 

the two products of the condensation of o-aminothiophenol and 
4-amino- p-naphthaquinone in presence of acetic acid alreadv 
described (this vol., i, 457), a third is obtained as a sparingly soluble 
potassium salt by extraction of the precipitate resulting from the 
dilution of the acetic acid .solution, with boiling 3% potassium 
hydroxide solution. The new compound 
forms brown needles, and is shown to 
be the disvlphide (annexed formula] 
corresponding with o-thiolphenyH- 
hydroxy-^-naphthaquinone-2-imide. This 
formula is confirmed by syntheses of the 
compound from o-aminothiophenol and 4-hydroxy-p-naphtha. 
quinone and from 2 ; 2'-diaminodiphenyl disulphide and 2-amino.a. 
naphthaquinone. It cannot be obtained from p-naphthaquinone-4. 
sulphonio acid (of. Boniger, A., 1894, i, 199) or from 4-amino-P- 
naphthaquinone. It is therefore formed in the above condensation 
by a preliminary reaction corresponding with the formation of 
o-hydroxyanilino-c(-naphthaquinone (Kchrmann, A., 1895, i, 24i) 
from o-arainophenol and 4-hydroxy-|3-naphthaquinone, followed by 
replacement of an amino- by a hydroxyl-group (D.R.P. 97675) 
and oxidation of the thiophenolic group at the expense of the 
aminoquinone. The formula also explains the salt-formation, and 
thb fact that the ooini)ound does not condense with o-aminophenol 
or o-phenylenediamine. J. K. 

o-Dimethylanthraquinones and their Derivatives. Arthub 
Faikboubne (T., 1921, 119, 1573—1582). 


2-Aldehydoanthraquinone. Werner Jacob {Hdv. CUm. 
Acta, 1921, 4, 782 — 788). — Condensation products of 2-alde- 
hydoanthraquinone {p-nUrophenylhydrazone, CjiHjgOjNj, leaflets, 
m. p. 305 — 306°) with compounds contauiiiig a reactive methylene 
group have been prepared as follows : with acetophenone, C^H„ 03 , 
needles, m. p. 241 — 242°; with ) -hydroxy-2-methyl ketone, CjyHjjOj, 
reddish-yellow needles, m, p. 296 — 297° {methyl ether, CjjHjgOj, 
yellow leaflets, m. p. 214 — 215°) ; with l-hydroxy-4-naphthyl methyl 
ketone, CjvHjjOj, yellow needles, m. p. 226 — 227° {methyl ether, 
CjjHjgOj, yellow needles, m. p. 228 — 229°); with coumaranone, 
CjjHijOj, yellow needles, m. p. 309 — 310°; with 6-mcthoxycoumar- 
anone, yellow needles, m. p. 28(1 — 282° ; with oc-naphtha- 

coumaranone, yellow needles, m. p. 223 — 225°; with 

5-bromoindanone, Cj^HjjOsBr, yellowish-green leaflets, m. p. 299— 

300°; with indandione, C5.H,»0., greenish-yellow needles, m. p- 
300-301°. 24 12 4. 6 y 
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j^j-Pinene Hydrochloride. The Pinacolin Traus- 
(ormation. Ossun Asohan (Ofvera. Finaka Vet.-Soc., 1914, 
57 [4], No. 1, 35 pp. ; from Chem. Zetiir., 1921, iii, 629 — 631).— 
Xh'e action of dry hydrogen chloride on pinene (I) at low tem- 
peratures does not give ordinary pinene hydrochloride (bomyl 
chloride) (11), but an isomeric liquid compound, tert.-p«»e»e hydro- 
chloride (HI). This compound differs from borayl chloride in 
that it contains the bioycfic tetrocean system of pinene and 
decomposes partly on treatment wth aniline, giving hydrogen 
chlorides and a pinene which is optically active in the same sense 
as the original material. The elimination of hydrogen chloride takes 
place with development of heat, (ert.-pinenc hydrochloride being 
stable only below — 10°. In the absence of cooling, the temperature 
rises to 60 — 80° with transformation into solid bornyl chloride (II). 


HaH 

■ Vh 
(!■) 


Hj HCl 
(XI.) 


^ pi 

Me 

(III.) 


HjHa pj 

(IV.) 


It is supposed that in the formation of bornyl chloride from pinene 
and hydrochloric acid (pinacolin transformation) the unstable 
compound (III) occurs as an intermediate product. 

Nopinene form.s with hydrogen chloride the same tertiary pinene 
hydrochloride (III) as is given by ordinary pinene with aniline. The 
change from nopinene to ordinary pinene by way of the compound 
III takes place more directly and simply than the change by way 
of nopinio acid — >• nopinone — ^ nopinofacetic acid (Wallach, A., 
1909, i, 706). No verifiable amoimt of nopinene is formed in the 
decomposition above mentioned. The compound, CjjHjjCl, 
obtained by Wallach by the action of pho.sphorus pcntachloride 
on methyl nopinol is probably a stereoifsomeride of the compound 
III and may have the constitution represented by formula IV. 
(The thick lines are supposed to be above and the dotted lines 
below the plane of the paper in formulae III and IV). The rate 
of transformation of tertiary pinene hydrochloride is greater than 
its rate of formation from pinene and hydrogen chloride above 0°, 
ami even at low temperatures it cannot be obtained free from 
bomyl chloride. It has a suffocating odour and attacks the 
mucous membrane strongly. 'The saturation of the original hydro- 
carbon with dry hydrogen chloride was carried out at — 15° with 
the addition of 4 to 10% of ether. On adding to the hydrochloride 
an equal volume of aniline and leaving it at the ordinary tem- 
perature, the transformation sets in quickly and the temperature 
of the mixture rises above 80°. When the temperature falls again 
the mixture is heated for about four hours on a water-bath. Glacial 
acetic acid is added to fix the excess of aniline and volatile products 
are removed by steam distillation. The principal product is 
bomyl chloride. The mixture of hydrocarbons resulting from its 
decomposition consists essentially of ordinary pinene, but contains 
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some dipentane and limonenc. The fraction distilling over between 
162° and 167° appears to contain an unknown bicyclic terjjene 
Using pinene from different sources with varying optical rotations 
different results were obtained both for the yield of bornyl chloride 
and of regenerated pinene. G. W. R, 

Conversion of Pinene Compounds into a Mixture of iso- 
Bomyl Ester and Camphene. L. G. Wesson (U.S. Pat. 1372382) 
— Pinene hydrochloride is mixed with glacial acetic acid in the pro. 
portions of 100 to 300 parts, a small quantity of rather coarse zinc 
powder (preferably about 2 parts) is added after the mixture has 
been heated to vigorous boiling under a reliux condenser, and the 
boiling is continued for about eighteen hours. The zinc slowly 
dissolves and a large proportion of the hydrogen chloride is evolved 
and recovered. After about eighteen hours, the mixture usually 
contains about 83 — 83 parts of isobornyl acetate, 10 parts of cam- 
phene, 5 parts of camphene hydrochloride, and 10 parts or less of 
unconverted pinene hydrochloride. A mixture of isobornyl acetate, 
camphene, and camphene hydrochloride is separated by fractional 
distillation in a vacuum and this mixture may be employed for the 
production of synthetic camphor. The use of such a small amount 
of zinc and the avoidance of unduly high temperatures or more 
prolonged heating obviate the formation of any considerable 
quantity of resinous substances. Instead of acetic acid, formic, 
propionic, stearic, benzoic, or salicylic acid or other acid may be 
used and instead of pinene hydrochloride the hydrobromide or 
hydrofluoridc is suitable for carrying out similar reactions. 

Chemical Abstracts, 

Pinene. IV. Synthesis of Pinocamphone and K-Pinene 
from Monocyclic Compounds. L. Ruzicka and H. Trebler 
(Helv. Chim. Acta, 1921, 4, 666—678; cf. this voL, i. 573).-By 
condensation of ethyl r-pinate with ethyl chloroacetate in presence 
of sodium ethoxide (Darzens, A., 1905, i, 116) or, much less effectively, 
of sodainide (Claisen, A., 1905, i, 286). the glycidio ester, CijHjjOs, 
b. p. 140 — 1.50°/0-3 mm., is obtained. The corresponding acd, 

m. p. 128° (deconip.), 

L'xl2 O 

is converted at 230° in a vacuum into the semialdehyde of Iwmopino- 
camphoric acid, CH-CHMe‘CHO, b. p. 

130 — 140°/0'3 mm. [semicarbazone, m. p. 193—195° 

(decomp.)], from which homopinocamphoric acid, 

C02H'CH2-CH< ^J*®5>CH-CHMe-C02H, 
is obtained, and converted through its silver salt into its diethyl 
ester, C15H2JO4, b. p. 130°/1 mm., 120°/0-2 mm. r-Pinocamphone, 
identical with that derived from pinene, is best obtained from 
homopinocamphoric acid by subjecting its diethyl ester to the 
Dieckmann reaction, and hydrolysing the product with acid, muc 
less satisfactorily by heating the acid with acetic anhydride {Blanc, 
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A., 1907, i, 710), and not at all by distillation of the lead salt The 
conversion of the ketone into a-pinene has already been achieved 
(this VO ., 00. cd. ; Tschugaev, A., 1908, i, 93). The expansion of 
this partial into a total synthesis is discussed. J 

Chemistry of the Terpenes. XX. The Action of Hvpo- 
chlorous Acid on Pinene. Gboege Gerald Hendeksom and 
.Joseph Kenneth Marsh (T., 1921, 119, 1492 -1500). 

.•^'Chard Klein (Jmakn, 
mi, 425, 208— 21b).— Pure pinene when oxidised by cold per- 
manganate gives pmomo acid (isolated as its semicarbazone m n 
204 ), but no pmononic acid, the production of which by Wagner 
and brschtsehikowski (A., 1896, i, .380) must be attributed to the 
presence of verbmone or .some analogous substance in the pinene 
they employed. Ohbanol (Fromm and Autin, A., 1914, i, 70) when 
isolated from oil of frankinoen.se by distillation in a vacuum, has 

/•; yields no pinononic acid. It is 

called ot-oWoTio/to distinguish it from the isomeride, ’^■oUbanol, into 
uo°ViV4 "" distillation at atmospheric pressure (b. p 

tlO--ll ), which yields pmononic acid on oxidation. ct-Olibanol 
on reduction by sodium and alcohol gives dikydro-olib-inol, 
D. p. 100 102 /i.^ mm., which has an odour resemblinc^ 
sage and appears to be an alcohol. It was characterised by a 
crysta line o-mtrobenzoatc m. p. 135-137°. fl-Olibanol does not 
.jhow these properties^ Another isomeride, y-dibanol, b. p. 114— 

1 6=10 mm., <P»=0;9o02, isolated from a different spedmen rf 
oil of fra^inoense gives no dihydro-compound, and does not yield 
yolibaiiol on istdlation. On oxidation, it gives a liquid acid from 
^riiich no semicarbazone can be obtained. C K I 

Characteristic Derivatives of the 
Essential Oils. (Roure- Bertrand 
t If 37-48).-A table is given 

shoiiing the physmal constants and characteristic derivatives of 

r ’ ‘^'Mrocuminaldeliyde, citral, neral. phcllandral, 

; formaldehyde 

cetaldehyde butaldehyde, valeraldchyde, iwvaieraldehvde 
»-nonaldehyde, deealdehyde, laur’ 
aldeWde’ set j phcnylacetaldchyde, cumaldehyde, cinnam- 

vl m Pip®'-0‘>al'fchyde, furfuralde- 

ojae, and 2.mcthylfurfuraldehyde. Chemical Abstracts. 

threSStfon 

(T. 1921 119%°^ SIMONSEN 

19-S N?foq 

h»n, 0 . 70 / 't ’ r . . chenopodium ; By steam distiUa- 

*<id obtainpH f. '^ 1 , "y®^®^ obtained from chenopodium 

rom the Dutch East Indies. Its analytical constants 
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are: (P® 0-9763; [a]',5 ±0°; acid number 0-93; saponificatioa 
number 7-47; ester number 6-54; solubility in 70% alcohol 
2 vola. and over. By extracting the distilled waters with light 
petroleum, an additional 0-35% of oil was obtained possessing 
the following characters : d*® 0-9843 ; [ii]'i5±0° ; acid number 
0-93 ; saponification number 13-98; ester number 13-05; soluble 
■with difficulty in 70% alcohol. The optical rotation of these 
oila differentiates them from the American oil which has 
[aJn —4“ to —3° 30'. Oil of Skimmia laureola : A sample of oil 
distilled from the herb of Skimmia laureola, Hook showed ; 

0-8931; [a]', 5+4° 28'; acid number 0; saponification number 
82-13; soluble in 3 volumes of 90% alcohol. Oil of cinnamon from 
Annam : a sample gave : 1-051 ; jjd 1'6090; [*]d— 0°8'; acid 

number 2-8 ; aldehyde content 95% ; solubUity in 70% alcohol, one 
volume and over. The odour of the oil is more pungent and less 
fine than that of oil of Ceylon cinnamon. It resembles a rectified 
Chinese oil of good quahty in its characters. 

Chemical Abstracts. 


Labdanum and the Analytical Characters of the Oils o{ 
Cistus ladaniferus, L. , and Cistus monspeliensis, L. (Smre- 
Bertrand Fils Sai. Tnd. Bull., 1920, [4], No. 2, 25 — 29). — Analytical 
data obtained by Pelletier and by Guibourt for labdanum are given, 
also data of a similar nature by Parry (“ Chemistry of Essential 
Oils,” vol. 1, p. 503) and Masson (A., 1912, i, 280) for the oil dis- 
tilled from the oleoresin. The author obtained 0-06% of a golden- 
yellow oil by steam distillation from the oleoresin extracted from 
Cistus ladaniferus L. This oil possessed the following characters ; 
d2“ 0-9033; — 12° 10'; wlr’ 1-4800; acid number 3-7; saponi- 

fication number 22-37; ester number 18-67; solubility in 90% 
alcohol 0-5 to 5 volumes. The extraction of the distilled waters 
with light petroleum yielded an additional 0-02% of oil with the 
following characters : 0-9755 ; [«]” — 2° 40' ; acid number 

18-67; saponification number 41-07 ; ester number 22-40 ; solubility 
in 90% alcohol 0-5 vol. and over. Data obtained by Schimmel and 
Co., (Semi-Ann. Kept., 1903, October, p. 81) for the oil obtained from 
Cistus monspeliensis are also given. Chemical Abstracts. 


Presence of Manganese in Raw Caoutchouc and the Origin 
of Tackiness. G. Brusi and C. Pblizzola [AUi R. Ami. 
Lincei, 1921, [v], 30, U, 37— 41).— When kept at the ordinary 
temperature, a mixture o'- caoutchouc with 1% of colloidal man- 
ganese dioxide very soon becomes tacky and in a few weeks almost 
liquid. The number of milligrams of manganese per 100 grams 
of caoutchouc has been found to vary from 0-0625 to 0-250 with the 
sound material, from 3-75 to 20 for samples showing uniform and 
profound tackiness, and from 0-625 to 3-75 for slightly and irregularly 
tacky samples. 'The manganese probably causes catalytic oxidation 
of the caoutchouc. T. H. P. 


Anemonin Derivatives. Yasuhiko Asahina and Atsoshi 
PIJJITA (J. Pharm. Soc. Japan, 1921, 331—335; cf. A., 1920, i, 
321, 493, 678 ; this vol., i, 792).— When reduced with sodium amalgam 
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ind aoctw Mid at the ordinary temperature, anemonin yields mainly 
iihydroanemonin and a small quantity of a substance having 
D p. 98°, whilst the latter only is produced by using boiling methyl 
ilcohol as solvent. When heated with hydriodio acid, the sub- 
itance, m. p. 98°, yields anemonolic acid, and therefore is proved to 
30 dimethyl anemonolate. iaoTeirahydroanemonin, m. p. 142°, 
s produced by reducing anemonin with sodium amalgam and acetic 
icid in boiling alcohol or from dihydroanemoiiiii by the same 
method, and from its resemblance to oc-angclica 
/bl I lactone and dibydioanemonin the annexed 
formula is assigned to it. By heating anemonin 
dihydrobromide, CjjHg 04 , 2 HBr, m. p. 182°, with 

CQ anhydrous sodium acetate in glacial acetic acid 

solution on the water-bath, anemonin itself is 
reproduced, the tetramethylene ring is therefore preserved in 
the derived substance. By reducing furan-2 : 5-dipropionio acid 
nith hydrogen in the presence of platinum black, sebacic 
acid is produced together with a small quantity of a substance 
crystallising in prisms, m. p. 113°, probably ktrahydrofuran- 
2 : 5-dipropiomc acid. Dihydroanemonin condenses with benzalde- 
hyde and furfuraldehyde, producing dibenzylidcnedihydroatiemonin, 
colourless scales, m. p. 225°, and difurfnrylidenedihydroanemonin, 
dark yellow scales, m. p. 222° respectively. Anisylideneleirahydro- 
memnio acid, yellow scales, m. p. 160°, is produced by adding 
anisaldehyde to an alkaline solution of tetrahydroanemonio acid. 

K. K. 

Tannins and Similar Substances. VIII. The Tannin of the 
Edible Chestnut. Karl Freuiie.sbekg and Ha.ns WAi.rnsKi 
[Ber., 1921, 54 , [B], 1695 — 1700; cf. this vol., i, 576).— The isolation 
of the crude tannin from the wood is described in detail, the total 
yield being more than 5% of the initial material. The composite 
nature of the product is deduced from the fact that hydrolysis with 
dilute sulphuric acid gives a little quercetin, traces of gallic acid, 
2% of sugar (chiefly dextrose), and 15 — 20% of ellagic acid, all of 
which are present in the combined form ; simultaneously, however, 
the tannin is itself extensively decomposed. The action of emulsin 
does not lead to the separation of dextrose or of ellagic acid ; the 
latter therefore does not appear to be present in the form of a 
glucoside and this hypothesis is confirmed further by the stability 
of its compound towards cold dilute alkali. On the other hand, 
-Ispergillus-tannase caused a slow separation of ellagic acid when 
used in relatively large amount and finally gives a product from 
which dilute sulphuric acid does not liberate more than 3% of the 
icid; simultaneously, the quercetin component is hydrolysed, 
whilst traces of gallic acid and small amounts of sugar, chiefly 
dextrose, are obtained. The purified tannin is a yellowish-red 
substance which forms more than half of the original crude product. 
It shows the usual tannin reactions. It gives a blue coloration with 
non salts, but does not yield a precipitate with bromine water. It 
■8 not further affected by tannase, and is not decomposed into 
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simpler constituents by other hydrolysing agents. It does not 
appear to belong to the class of ester tannins or of cateohins, since 
it does not contain phloroglucinol, is strongly acidic, and almost 
insoluble in ethyl acetate. The acidity indicates a molecular 
weight of about 400 or some multiple thereof. 

Chestnut tannin appears, therefore, to be a representative of a 
new type of tannin and to be very closely allied to that of the native 
oak (Freudenberg, Naturwiss., 1920, 8 , 905), with regard to which 
the investigation is to be pursued. H. W. 


Syntheses in the Bergapten Group and of Other Hydr- 
oxycoumarone Derivatives. P. Kareee, A. Rudlikoee, A. 
Glattfelder, and L. Waitz (Heh. Chim. Acta, 1921, 4, 718— 
728). — Since the failure to obtain a ooumarin derivative, from 
5-hydroxy-2-methylcoumarone-4-acrylic acid (A., 1920, i, 627) 
might possibly have been due to the situation of the unsaturated 
side chain in the 3- instead of the 4- position, 5-hydroxy-4-a]dchydo- 
2 : 3-dimethylooumarone has been synthesised from orcinol, and 
found also not to furnish a ooumarin derivative. The formula 
for bergapten (Thoms, A., 1912, i, 40) therefore loses in probability, 
5-IIydroxy-2 : Z-dimethylcmrmrilic acid, CnHjuOji, m. p. 215- 
220°, from the ester (Kostanecki and Tambor, A., 1909, i, 319), 
is converted by distillation into 5-hydroxy-2 ; Z-dimethylcoumarm, 

OH-C,H,Me'\Q ^^CH.m. p. 102 °, from which the ^-aldchydo-dm-j. 


needles, m. p. 210 °, is prepared by treatment 
with hydrocyanic acid and zinc chloride. Aldehydophlorogluciml 
monomethyl ether, CgHgO,, of uncertain orientation, from phloro- 
gluoinol monomethyl ether, yields 7-(or 5-)acetoxy-5-(ot ■l-)methx<j- 

OAc'CeHjiOMe)/^ 


coumann. 


leafletfs, m. p. 136 — 137' 


of which the nucleus is attacked when the attempt is made to 
prepare the dibromide. Z-HydroxyA'-mclhoxy-Z-methyldepsemm, 

I yellow needles, m. p. 178°, from 

0 

5-hydroxy'2-methylcoumarone by the Hoesch reaction, is reduced 
to 5-hydroxy-'i'-'meihoxy-2~methyl(kpsenol, C 17 H 16 O 4 , m. p. 117°. 
The syntheses of 5 : 4' dihydroxy-2-methyldepsenone, CM, 
yellow needles, m. p. 298°, and of 5:3': i’-trihydroxy-2-mahul- 
depsenone, CjgHjjOj, m. p. 250°, by the Hoesoh reaction must be 
carried out at 801^90°. 5 : 4' -Dihydroxy-2-methyldepsenol, 
is readily oxidised by the air. J ■ K- 

A New Type of Iodine Compound. John Norman Collie 
and Amy Ada Beatrice Reilly (T., 1921, 119, 1560 — 1554). 

The Structural Relation of isoQuinoline- and Phenanthrene- 
Alkaloids. Ingo W. D. Haokh (Ghent,. News, 1921, 123, 178- 
179). — The use of structure symbols (A., 1919, i, 245) reveals an 
interesting structural relationship amongst alkaloids contaimng 
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the Moquinoline nucleus. Alkaloids such as morphine, berberine, 
napaverine, glauoine, narcotine, corydaline, dicentrine, protopine, 
^J^topine, etc., appear to belong to different groups when the 
usual structural formula are used, but when these structural 
formulie, or the corresponding structure symbols, are turned so 
that the isoquinoline nucleus occupies the same relative position 
in each, a structural relationship, which genetically connects aU 
tJiese alkaloids, may be traced, and the alkaloids may be classified, 
thus: , 

Laudosiue 
Papaverine 
Paperoline.etc. 


I 


Corydine 
Corytiiberlne 
Glaucine, etc. 



Corydaliae, etc- 


Cryptopine, etc. 


Berberine 
Canadine 
Artoririe, etc. 


/ I t 

Morphine Dicentrine Dydrastine 

Codeine Bulbocapnine, etc. Narcotine, etc. 

Dionjne j 

Thebaine, etc- y 

Protopine, etc. 

On this basis, Psohorr’s formula for morphine is regarded as more 
probable than the formula of Freund and others. F. M. R. 

Chelerythrine. P. Karreb (Hdv. Chim. Ada, 1921, 4, 703— 
706).— Replying to criticisms by Gadamer (A., 1920, i, 872), the 
author claims to have been the first to point out the analogy of 
chelerjdhrine with cotarnine (A., 1917, i, 349), and maintains his 
new that the basic properties are due, not to the nitrogen atom, 
butte another group, possibly the carbonyl group. The composition 
of methylchelalbine, CjjHjjOjN, m. p. 204", and the melting 
points of chelerythrine cyanide (248 — 249°) and phenylhydrazone 
(lo8— 160°) are confirmed, but dihydrochelerythrine is now found 
to melt at 162 — 163°. J. K. 

Reduction of Coralyne to DiRydrocoralirne and ct-Coralydine. 
Wilhelm Schueider and Otto BQgbe (Bar., 1931, 54, [R], 2021 — 
2031).— It has been shown previously (Schneider and Schroeter, 
.4, 1920, i, 760) that coralyne, obtained by the action of acetic 
anhydride in the presence of sulphoacetic acid on papaverine, is 
a hexadehydrocoralydine. It is therefore to be expected that it 
would be reduced to coralydine, and this is shown to be the case, 

the ot-modifioation of 

CH OH 

OMe/^/VH 
OMe I' N— X 

YoMe 

OMe 

(n.) 



the base (cf. Pictet, 
A., 1913, i, 1224) 
being produced. 
Hydrogenation is, 
however, never com- 
plete, and dihydro- 
coralyne is always 
formed to a greater 
or less extent ; since 
the base itself is 
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intensely yellow whereas the salts are colourless, the annexed 
formul® I and II are proposed for these compounds. 

Coralyne sulphoacetate, CjjHjjO^N'SOj'CHj'COjHjHjO, is re- 
duced by zinc and sulphuric acid in boiling glacial acetic acid 
solution to a mixture of a-coralydine and dihydrocoralyne, the 
relative proportions of which depend largely on the type of zinc 
used ; the mixed bases are converted into their iodides and sub- 
sequently, for purposes of separation, into the chlorides. The 
following salts of a-coralydine are described, the melting points 
as recorded by Pictet {loc.cU.) being enclosed within brackets; 
hydrochloride, colourless, slender rods, m, p. 265° (254°); hyir- 
iodide, minute, pointed needles, m. p. 242 — 243°; nitrate, m, p, 
240 — 245° after incipient decomposition at about 150° (242°); 
platinichloride, a yellow powder, decomp. 230° (246 — 247°); 
aurichloride, a red, crystalline powder, ra. p. 139° (154)° ; picrate, 
large, yellow needles, m. p. 139 — 140° (134°). a-Coralydiue has 
m. p. 148°, in agreement with Pictet’s observations, and is con- 
verted by iodine and alcohol into dehydroooralydine iodide, m. p. 
264'5° (264°). It is remarkable that p-coralydine does not appear 
to be formed. , 

Dikydroccyredyne, slender, yellow noodles, m, p. 200 , is obtained 
by the rapid crystallisation from alcohol of the base, precipitated 
from its salts by ammonia; the moist base is extremely sensitive 
to atmospheric oxidation, by which it is converted into a subskina, 
red needles, m. p. 241°, which has not yet been investigated com- 
pletely. When boiled with water free from carbon dioxide, the 
iso-base is partly transformed into the ammonium hy^oxide base, 
but slowly reverts to its original form when the solution is cooled, 
It is converted by iodine and alcohol into coralyne iodide, m. p. 
278°, The following salts are described; chloride (+^20), 
pale yellow, silky, crystalline aggregates,^ m. p. about 95° alto 
softening at 85°, anhydrous, m. p. 194° ; iodide, almost colourless, 
prismatic rods, m. p. 234°; hydrogen sulphate (-f-HgO), m. p. 277 , 
nitrate (+nq), m. p. above 85°; platinichloride, a yellow powder, 
decomp, 263° after blackening above 150°; aurichloride, m. p. 
110—115° (decomp.), and after re-solidification, decomp, ^above 
260° after darkening at about 170° ; picrate, m. p. about 2^°-^ 

HarmineandHarmaline. V. The Synthesis of Norharman. 

William Ogulvy Kerm.'.ck, William Henry Perkin, jun,, ana 
Robert Robinson (T., 1921, H9, 1602 — 1642). 

The Alkaloids of the Lobelia Plant. I. Heinrich Wikusb 
(Ber., 1921, 54, [H], 1784— 1788).— The isolation of two arystaUme 
alkaloids, lobeline and lobelidine, from Lobelia infiaia of o 
America is described. The former, CjjHjjOgN, is 
crystalline, monacid base which yields neutral salts. It 
appear to contain a ketonic or hydroxy-group and its s a 
towards alkali indicates the absence of the lactone gaoup. - 
methoxyl radicle is not present. The nitrogen atom W®” 
be tertiary. Its most remarkable characteristic is the re 
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with which it yields acetophenone when warmed with water, but 
the fate of the remainder of the molecule has not yet been elucidated. 

The isolation of lobehne from the crude mixture of bases depends 
on the observation that its hydrochloride can be removed from 
aqueous solution by repeated agitation of the latter with chloro- 
form; the final purification is effected by crystallisation from 
benzene, alcohol, or ether. Lobeline crystallises in broad, colour- 
less needles, m. p. 130 — 131°, [a]®— 42-85°, in alcoholic solution. 
The sulphite, nitrate, bromide, and chloride are placed in order of 
increasing solubility in water; the pkUinichhride and mercuric 
tUoride compound are amorphous. 

Lohdidine, C2(,H2502N, small, irregular prisms, m. p. 106°, is 
isolated from the final ethereal mother-liquors obtained during 
the preparation of lobeline. Its hydrochloride, matted needles, 
has m. p. 165° after darkening at about 160°. H. W. 

Acetyl-iV-methylisopapaverine. Wilhelm ScmiEiDEB and 
.iasoLD KOhler (her., 1921, 54, [if], 2031 — 2033). — The conception 
of ^.ooralyne as a derivative of papaverine (cf. Schneider and 
Sohroeter, A., 1920, i, 760) is confirmed further by the observation 
that its methiodide is converted by treatment with alkali into 
iK(lyl-Td-methyliaopapaceriiie, yellow needles, m. p, 191° {phenyl- 
hyimiom, long, slender needles, m. p. 236-o°), which is readily 
reconverted by hydriodic acid into the original methiodide; the 
iso-base shows little tendency to pass into the ammonium form. 
Attempts to isolate an intermediately formed red, crystalline 
product (which is possibly analogous with the pyranhydrone.s of 
Schneider and Meyer, this vol., i, 680) were unsuccessful. H. W. 

Preparation of a Derivative of Thebaine. Ed.'ipnd Speyer, 
Else Freund, Walter Freund, Helmdth Freund, and Ltsei.otte 
Feeund (D.R.P. 338147 ; from Chem. Zentr., 1921, iv, 422). — The- 
baine in aqucous-alcoholio solution is treated with excess of mole- 
cular hydrogen, using colloidal metallic catalysts of the platinum 
group. For example, to a cooled solution of thebaine in 96% 
ethyl alcohol equal quantities of water and a palladium sol (1 c.c.= 
0-0025 gram of Pd) are added, and the mixture is shaken in an 
atmosphere of hydrogen until no further absorption takes place. 
The palladium is then precipitated and the ethyl alcohol distilled 
off. After addition of aqueous ammonia, the residue i.s extracted 
with chloroform. The oil remaining after evaporation of the 
tUoroform solution is triturated with ethyl alcohol and a hydro- 
cMorick, CjjH 2303N,HC1, prep.ared by the action of hydrochloric 
arid in alcoholic solution ; it forms crystals, m. p. 310° (decomp.). 
Tbe free hose, CijHpOjN, crystallises in leaflets (from alcohol) and 
kas m. p. 145 — 1,50 . It is precipitated from solutions of its salts 
ky excess of sodium carbonate or ammonia. With excess of alkali 
tie precipitate of the base is redissolved; it is thus amphoteric in 
etameter. In these properties and in its stability in the presence 
of mineral acids, the compound described differs from tetrahydro- 
tiebaine, CijHjjOjN (Oldenberg, A., 1913, 1, 1093; Braun, A., 
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1914, i, 1138). It contains one methoxyl group and has the 
characters of a ketone. G. W. R 


The Free Ammonium Radicle. I. Benzoylpyridininm. 

Ermst Weitz, Adolf Roth, and Annemaeie Nelken {Annalen 
1921-, 425 , 161 — 186). — When zinc dust acts on a mixture of 
benzoyl chloride and pyridine the product, brown leaflets, tn. p 
229° (decomp.), has the composition Ci 2 HjjON=C 5 H 5 NBz, and must 
therefore be represented by a formula containing either tervalent 
carbon or quadrivalent nitrogen. The formula I is regarded as 
most probable, but the substance is considered capable of reacting 
in the forms of its “ valency-isomerides ” II and III. It is termrd 
1-benzoylpyridittinm. 


CH 

Hc/Vh 

HC\^CH 

Ph-CO'' 


CH C 

HC\/Ct" HC\/CH 

N N 

Ph-CO Ph'io 


(I.) (II.) (III.) 


It has the normal molecular weight in boiling ethylene dibromide 
and in boiling chlorobenzene, but is associated in naphthalene at 
the freezing point. 

When solutions of 1 .benzoylpyridinium are shaken with air they 
are decolorised, half an atomic proportion of oxygen being absorbed'. 
If they arc titrated with halogens until colourless, one atom of halogen 
is taken up. In each case the principal products arc benzoic acid 
and 4 : 4'-dipyTidyl, the formation of which is most easily explicable 
on the assumption that the valency isomeride (III) takes part in 
the reaction. l-Benzoylpyridinium is not a l)a.se. 

4 ; i’ -Dipyridyl monobenzoaie crystallises in leaflets, m. p. 108°, and 
the dibenzoate in leaflets, ra. p. 116°. C. K, I. 


The Free Ammonium Radicle. II. Benzylpyridinium. 

Erxst Weitz and Asxewarie Nelkbn [with R. Ludwig] {Annalen, 
1921, 425 , 187 — 207 ; cf. preceding abstract). — 1 : I'-Dibenzyltctra- 
hydro.4 : 4'-dipyTidyl, which was obtained by Hofmann (A., 1881. 
921) and reinvestigated by Emmert (A., 1919, i, 45,5), has been shown 
by the latter (A., 1920, i, 331) to undergo dissociation in solution, 
forming a coloured Cjg-compound; which may be called 1-benzyl- 
pyridinium, and has now been isolated in the crystalline condition. 
It forms deep red crystals, m. p. 140° (approx,), which give deep blue 
solutions in methyl and ethyl alcohols. The solid substance is 
extremely unstable and it was not found possible to make a deter- 
mination of its molecular weight. 

Halogens react with 1 -benzylpyridinium with the formation oi 
1 -benzylpyridinium salts. The salt (Ci2Hi2N)3[C0(N02)e] forms 
leaflets, m, p. 123° (decomp.). 

1 : l'-DibenzyltetrahyJro-4 : 4'-dipyridyl has the correct molecular 
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weight in boiling acetone, but shows indications of dissociation in 
benzene. C, K, I. 

Preparation of certain Alkyloxyquinolines and of their 
Tetrahydro-derivatives. Adolf Som and Fmtz Bbkiksciike 
iBer., 1021’ 54, [S], 1730 — 1738). — 6-Ethoxyquinolineis most advant- 
aoeoosly prepared (yield 53%) by cautiously heating a mixture of 
“pjicnetidine, glycerol, concentrated sulphuric acid, and nitro- 
bpnzcne (hydrochloride [-I- 2 H 2 O], m. p. 224°). It is reduced by 
tin and concentrated hydrochloric acid to 6-elAo.ry-l : 2 : 3 : 4- 
Idrah^droquinolvne, a greenish-yellow liquid, b. p. 164 — 166°/17 mm,, 
iliijirorMoride, coarse prisms, m. p. 218°). The latter reacts with 
potassium cyanate to yield &-et1mxyldrahydroqinnoline-li-carhoxyl- 
urnWe, OEt-CjHjN-CO'NHj, colourlc.s.s, lustrou.s plate.s, m, p. 154 — 
155 ° after previous softening. 

6 ; T.MeihyUnedioxyqvinolim, pale yellow crystals which gradually 
become brown when preserved in a vacuum, m. p. 77°, b.p. 180 — 182°/ 
22 mm. [hydrochloride, brown needles, ra. p. 273° (decomp.)], is 
obtained in small yield by the action of glycerol, sulphuric acid, and 
nitrobenzene on 4-aminoeatechol methylene ether (improved methods 
for the preparation of the latter and of catechol methylene ether are 
described). 

d-Aminopiperonal (the preparation of which i.s described in detail, 
tf. Eilliet and Kreitmann, A., 1913, i, 1353) conden.sas mth acet- 
aldehyde in the presence of dilute aqueous alcoholic sodium 
hydroxide solution to yield a substance, probably 
' CH20j;C8H2(NH2)-CH(0H)-CHyCHLN'CsH2(CH0):02CH2, 
intensely yellow needles, m. p. 177°. 

H-.l-Ethyhnedioxyqmnolines, coarse crystals, m. p, 97°, b. p. 
196°/18 mm, (hydrochloride, slender, yellow needles, in, p. 223°), 
is prepared in 62% yield from 4-aininocatcchol ethylene etiier, nitro- 
benzene, sulphuric acid, and glycerol. Tt is reduced by tin and 
hvdrodiloi'ie acid to G : 7-elkylenedio.ry-] : 2 : 3 : i-Mrahydroquiiwline, 
needles, m. p. about 78° (hydrochloride,, slender, lustrous needles, 
HI, p, 201°), b, p. 207°/20 mm. H. W. 

Manufacture of Symmetrical Alkylated m-Phenylene- 
diamines. Ekitish Dyestuffs Gokfoe-WIOx, Ltd., Arthur 
George Gekbx, and Arthur Brittaix (Brit. Pat. 168689). — 
%rametrically alkjdated m-phenylenediamines are obtained by the 
action at high temperatures of primary or secondary alkylamines 
or their salts on resorcinol in aqueous or alcoholic solution, and 
-eparation of the alkylated phenylenediamine produced from any 
nnehanged resorcinol and from aminophenolic substances. The 
presence of sulphurous acid is advantageous to the reaction, and 
hence the alkylamine sulphites can conveniently be employed. For 
example, a 67% yield of nr-phenylenedimethyldiamine is obtained by 
heating in an autoclave for twelve hours at 125° 35 parts of resorcinol, 
W parts of 35% solution of mcthylamine sulphite, and 125 parts of 
25“ b aqueous solution of methylamine. The product is separated 
from unchanged methylamine and resorcinol and from m-methyl- 
aminophenol by the usual methods, and is finally purified by 
distillation in a vacuum ; it has b. p. 170°/10 mm, G. F. M. 
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Catalysis. I. Reduction ol Uracil to Hydrouracil. Treat 
B. Johnson and Elmer B. Brown (Proc. Nat. Acad. Sci., 1921 7 
75 — 77). — The authors have shown that uracil may be quantitatively 
converted into hydrouracil in the presence of colloidal platinum by 
gaseous hydrogen. The catalyst is prepared by adding a 10®/ 
solution of chloroplatinic acid to a solution of gum arahic and 
reducing to the metal by gaseous hydrogen.- An aqueous solution 
of uracil is mixed with the catalyst and treated with gaseous 
hydrogen at a pressure of two atmospheres and at temperature 
75 — 85°. The product is piu-e hydrouracil, m. p. 272°. J. F. g 


IV-Alkyl Derivatives and N-Carboxylic Esters of Indazole. 

K. VON AnwERS and W. Schaich {Ber., 1921, 54, [B], 1738— 
1770; cf. A., 1919, i, 455; 1920, i, 638, 640).— Stereoisomerism 
has only been observed previously among A-acyl derivatives of 
indazole and not with the alkyl compounds of which the methyl and 
ethyl derivatives alone have been examined. Since in the former 
cases the occurrence of the phenomenon appeared to depend, in 
part, at any rate, on the magnitude of the acyl group, the benzyl, 
indazoles have now been examined. In this case, also, stereoiso. 
merism is not observed, but the results are otherwise surprising. 
The product obtained by the action of benzyl iodide on silver 
indazole is not identical with the 2-benzylindazole described by 
Fischer and Bloohmann (A., 1902, i, 645), and is identified as 
1-benzylindazole. Fischer’s compound is obtained by the action 
of benzyl chloride on indazole at 100°, but in a lengthy series of 
experiments l-bcnzylindazole was prepared uniformly from the 
same substances at 140 — 180°, whereas in a second series, carried 
out under apparently precisely similar conditions, the 2-benzyl 
derivative was uniformly produced. The reason of this apparent 
anomaly has not been elucidated, but it is definitely shown that 
each substance is a primary product and that interconversion does 
not occur under the experimental conditions adopted. 

The unexpected results obtained during the preparation of benzyl- 
indazole has led to a re-examination of the alkylation of the parent 
substance by a considerable number of alkyl haloids. It is found 
that the two isomeridcs arc produced from indazole and alkyl 
haloid in the presence of boiling alcoholic alkali hydroxide, the 
proportions being in general about equal ; vvith allyl bromide the 
1 -derivative predominate" to a marked degree, whilst isopropyl 
bromide gives the I-isomeride exclusively. Indazole and alkyl 
haloids at 100° yield the 2-derivatives as sole products, except in 
the case of isopropyl bromide, with which reaction does not take 
place. Methyd, allyl, and benzyl iodides are the only haloids 
which react with an ethereal suspension of silver indazole wth 
sufficient rapidity at the ordinary temperature ; the former gives 
exclusively 2-methylindazole under these conditions, thus con- 
firming earlier observations, whereas the two latter yield only 
the corresponding 1 -compounds. With ethyl iodide, it is found 
that increase in temperature very greatly favours the production 
of the 1-isomeride, and the same phenomenon is also observed m 
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a less degree with methyl iodide. The boiling points of the 2-deriv- 
atives are uniformly about 25“ higher than those of the 1-isomeride 
the melting points of the picrates are similarly higher, but the 
differences exhibited are here irregular. 

Iadazole-2-carbosylio esters are prepared by boiling indazole 
iidth alkyl chloroformates or by the action of the latter on silver 
indazole at the atmospheric temperature. The methods lead to 
the production of identical substances in each case, and instances 
of stereoisomerism as with 2-acetyl-, 2-propionyl-, and 2-benroyI- 
indazoles are not observed. The corresponding free acids are 
esceedingly unstable and readily decompose, even at 0°, into 
indazole and carbon dioxide. The esters exhibit the remarkable 
property of eliminating carbon dioxide with greater or less readi- 
ness when heated, passing generaUy into the correspondine 
alkylindazoles. ® 

The theory of the reactions is discussed at length, and with 
particular reference to the action of alkyl haloids on silver indazole. 
The most probable hypothcsi.s appears to bo that the two com- 
ponents form initially a loose additive product from which silver 
haloid is eliminated, leaving for the moment the indazyl and alkyl 
radicles ivith free valencies. The former then undergoes iso- 
merisation to an equilibrium mixture in accordance with the 

scheme -> CeH4<5^>Iir, 

and the subsequent addition of the alkyl group to the 1- or 2.nitro- 
gen atom then depends on the distribution of the free valency in 
the indazyl radicle and the affinity demand of the alkyl group 
The following individual compounds are described- \-Bmzvl- 
iniaiok, colourless, lustrous needles, m. p. 64-5° (picraii, coarse 
yellow crystals m. p. 8t»-.5-90-5“). t-Bmzyliniazole.^.carhoxylic 
mi, almost colourless needles, m. p. 194°, which gives 2-benzvl 
indazole, m. p 67—69° (picrate, m. p. 160—162°) when distihed 
^■Bamjlindazole.-'i-carboxyUc acid, small, colourlass needles, m. p 
l(i4-5-165-5°, which when heated is converted into 1 -benzyliiidazole 


i-Benzyl-2-methylindazolinm iodide.. 


11001 ' ?• I'"™®- “■ P- (corresponding picrate, m. p. 

ua ), which decomposes when heated in a vacuum into a mixture 
or .'-methylindazole and ^-benzylindazole. 2-Benzyl.hmethylind. 

laolimn iodide, slender, colourless needles 

(oorrespending picrate, m. p. 195—196°. decomp.), 
decomposes into 1 -methyKndazole when heated in a vacuum 
r o "'’*** of methyl iodide 

■ w -i ' ^-““^yl^dazolium iodide). 1 ; 2-Diniethylinda^olium 
rart ® colourless, crystalline mass which absorbs 

iZ H- 1-methylindazole 
IWo^iJ ^■P’'°Vyl^ndazok, a colourless liquid, b. p. 118— 

(Piemte, yellow needles, m. p. 99—100°). 2-Propyl. 
Ma ofe, a colourless Uquid, b, p. 157720 mm. (picrate, m. p. 151— 
j' ^‘^^oFropylindazole, a colourless liquid, b. p. 117 118®/ 
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12 mm. (picrate, yellow needles, m. p. 120°). l-imAmylindazok 
a colourlesa liquid, b. p. 154— 155°/17 mm. [picraie ( ?) m. p. 63-- 
65°]. 2-koAmylindazole, a colourless liquid, b. p. 178—179“ 
17 mm. {picrale, yellow, matted needles, m. p. 115—116°). l-Alhji 
indazolei a colourless liquid, b. p. 126 /12 mm. (picrate, slender, 
yellow needles, m. p. 112*5— 113'5°). 2-AUylindazole, a colourless 
liquid, b. p. 144— 145°/12 mm. {picrate, yellow needles, m. p. 125_ 
126°). Ethyl indcRole-2-carboxylate, a colourless liquid, b. p, 
156°/10 mm. [additive ptrodad with mercuric chloride, m. p, 
(indehnite) 115—123°; a picrate is not formed], which decom- 
poses when distilled under diminished pressure into a mixture of 

1- and 2-ethylindazoles and is converted by methyl iodide at 100“ 
into 1 : 2-dimethylindazolium iodide. Methyl indazok-2-carboryl 
ale, long needles, m. p. 59 — 60°, b. p. 152— 153°/15 mm,, whicli 
gives much resinous matter and 2-methylindazole when distilled, 
iso^myl indazole-2-carhoxylaie, a viscous liquid, b, p. 187*5°/ll*a 
mm., which, when heated, yields isoamyl alcohol, indazole, and 

2- fso’amylindazole. Benzyl indazole-2-carboxylate, colourIe.ss needles, 

nj. p, 83—84°, which readily yields a mixture of the 1- and 2 -ben 2 yl. 
indazoles. Phenyl indazde-i-carboxylate, colourless, lustrous needles, 
m. p. 91°, b. p. 215° /II mm., which yields mainly resinous matter 
in addition to phenol and indazole when heated at the atmospheric 
pressure for a considerable time. H. W. 

<ff-p.2.Puryl-oi-alanine. Takaoki Sasaki (Ber., 1921, 54, 

[B], 2056 2059). — The preparation of the substance is effected 

according to the author’s glycine anhydride method (this vol., i, 
196). 

2 : b-Dikeio-'6 : Mijurjurylidinepiperazme, 

C4H30-CH:C<^^i^Q>C:CH-C4H30, 


yeUow needles, m. p. 289—290° (corr., decorap.), is obtained in 
83*7% yield by the action of glycine anhydride on freshly-distilled 
furfuraldehyde in the presence of acetic anhydride and anhydrous 
sodium acetate at 120—130°. It is reduced by sodium and alcohol 
(95%) to 2 : 5-dilcdo-H : Mifurfurylpiperazine, m. p. 216 (corr,), 
which is hydrolysed by boiling aqueous barium hydroxide solution 
to d\-?,-2-fmyl-a-alanine, C 4 H 30 -CH 2 *CH(NH 2 )*C 02 H, m, p. 
260° (corr.); the latter is converted by phcnylcarbimide into 
a-vhenylcarbamido-^-2-fiirylpro'pionie acid, 

C 4 H 30 -CH 2 -CH(NH-C 0 *NHPh)-C 02 H, 
m. p. 162—163° (corr.), iL'd by naphthalene-13-sulphonyl chloride 
into ^-nuphthtdenesulphonyl-^-^-fnryl-fz-alanine, 

C,H 30 -CH 2 *CH{NH-S 02 -Ci„H,)-C 02 H, 
decomp . 222° after darkening at 208°. H* ■ 

o-Chlorodinitrotoluenes. III. Bases derived froni 2- 
Chloro-i : S-dinitrotoluene. Gilbeet T. Morgan and Wh.lia. 
Abthue Percival Challbkob (T., 1921, 119, 1537 154 )■ 
o-Quinones and 1 : 2-Diketones. III. Constitution oi 
Phenanthraquinoneimide Anhydride. A. Sohonberg a 
Berta Rosenthal {Ber., 1921, 54, [S], 1789 - 1802 ).-The elucida- 
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tion of ff*® constitution of acenaphthaquinoneimide anhydride 
(this Tol, i, 275) has induced the authors to investigate phenanthra- 
quinoiicimide anhydride. The latter is found to lose its oxvsen 
when heated and to yield a compound, which is Lt 

' 

identical with the azine, C, 2 H 8 <!l h>CijH 8. Further, it 

Xf}/ 

combines readily in molecular proportions with water, alcohols 
acetic acid, and hydrogen chloride, giving products from which the 
/\ /s original material is 

l' I (I readily regenerated. 

\/\ /I J The latter proper- 

( I I I ties point to the 


/\ 


-G- 


-J) 


/\/' 




\0 


/\/ n:N'\/' 






(II.) 
and the 


presence of the 
ethylene oxide ring. 
The annexed for- 
mulae (I and TI) are 
therefore proposed 
corresponding oxygen-free 


(I.) 

for the imide anhydride 
compound. 

Phenaiahraquimneimide hydrochloride is obtamed in the form of 
extremely unstable, red needles when a dry ethereal .solution of 
hydrogen chloride is slowly added to the imide dissolved in a well 
cooled mixture of ether and chloroform. The corresponding 
inaole crystallises in dark red needles, m. p. above 1,>0° (deoomp ) 
Phenanthraquinoneimide anhydride, prepared by short treatment 
of the mide with boiling acetic anhydride, forms pale yeUow needles 

m, p, 2d2 [picrate, short, scarlet needles, m. p. 216 217®) • it can 

ako be prepared by heating the imide. It is oxidised by chromic 
acid in glacial acetic acid solution to phenanthrauuinone. When 

•'onised and gives a sublimate 
about ,0 /„) oi dtphenmlhrapyndazine (formula If), yellow needles, 
ra. p, 190 which is converted by chromic acid into phenanthra- 
qjinone, it is stable towards boihng alkaline permanganate and is 
not reduced by zme dust m acetic acid solution. It yields a 
ptcmlonate and a picrate, yellow needles, ra. p. 255 — after 
previous softening. ^ 

alM hydrolysed by solutions of 

OH HO ' : 5-dihydride, 

colourless prisms (+EtOH), decomp. 305° 

ihtTthf ^«adily reconverted 

arcorhWto Scl, treatment ivith benzoyl chloride 

or by befn ° by warming ivith acetic anhydride 

Ksuits in ?h anhydride 

ethylene nxi/ of on® molecule for the rupture of the 

salt whh a second molecule in the formation of a 

second oompound thus formed; the elimination of the 

fct molecule ! bberation of the base without affecting the 
molecule is a matter of considerable difficulty. The acetate, 
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yOAc 

Ci 2 H 8 <j— colourless prisms, is formed from the 

imide anhydride and boiling glacial acetic acid, and is converted 
by boiling nitrobenzene into the free base, colourless prisms, tn 
302 — 305° (violent decomp.); it is hydrolysed in alkaline solution 
to the corresponding 4 ; 5-dihydroxy-oompound. cis-i-Ilydroxy-a 
propionoxydiphenanthrapyridazineA : 5-dihydride propimate is pre. 
pared in a similar manner, and is converted above 220° into the 
corresponding free base, m. p. 306° (decomp.). The hydrochloride 
of cisA-chloro-5-hydroxydiphenanthrapyridazineA : 5-dihydride is 
obtained from the imide anhydride and hydrogen chloride in 
warm chloroform, but the isolation of the corresponding base 
could not be accomplished satisfactorily. Treatment of the imide 
anhydride with a boiling solution of sulphuric acid in methyl 
alcohol leads to the formation of cia-i-hydroxy-b-methoxydiphen. 
arUhrapyridazine-i : 5-dihydride, colourless prisms (+MeOH), m. p 
202° ; the corresponding picrate, yellow prisms, m. p. 231°, afta 
slight previous softening, and sulphate, colourless needles, are 
described. cis-4-Hydroxy-5-elhoxydiphena7ithrapyridazine-i ; b-di- 
hydride crystallises in colourless prisms, ra. p. 180° [the nitrak 
colourless, rhombic prisms, decomp. 174°, chloride, m. p. 227—228° 
(decomp.) after previous softening, and picrate, yellow prisms, 
m. p. 230°, are described]. cis-i-Hydroxy-b-n-propoxydiphenanthm- 
pyridazine-i : 5-dihydride forms colourless prisms, m. p. 149°. 

H. W. 

Indigotin. ' W. Madelunu (Zeitsch. angew. Chem., 1921, 34, 
482 — 483, 486 — 488). — The question as to how far Baeyer’s formula 
for indigotin is in agreement with the chemical behaviour and 
physical properties of indigotin, and known facts with regard to the 
relation between colour and chemical constitution, is critically 
discussed. It is concluded that the facts are interpreted more 
oorreotly by one of the following formulae : 

^0 . H 
H 0^ 

(I.) (II.) 

The choice between I, which is more nearly related to the conceptions 
of Claasz, and II, which i:. more in agreement with the conceptions 
of Lifschitz and Lourie, is regarded as unimportant, the point of 
real importance in the proposed formulae being that the carbonyl 
and imino-groups are at each end of a five-membered conjugated 
system, thus 0— C — C— C — NH. Such an arrangement is to be 
found in other vat dyes of both the indigoid and anthracene series, 
and the stability and technical utility of these dyes are attributed 
to this atomic grouping, which is as important in this series as ^ 
the proximity of the carbonyl and hydroxyl groups in the dyes of 
the alizarin series, where the chain 0— C — C— C~0H plays a 
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similar role. If the above formula are accepted, indigotin is to be 
regarded as a derivative of the coloured and stable modification of 
dibenzoylethylene. 

Indigotin on treatment with acetic anhydride and zinc dust in 
presence of a little acetyl chloride is converted into diaoetylanhvdro 

indigo-white, ■' ■' 

Ac Ac 

The acetyl groups cannot be removed from this compound without 
far-reaching decomposition. When indigotin in alcoholic hydro- 
chloric acid suspension is reduced with iron powder, a sparinelv 
soluble monohydrochloride of a base is obtained. This base prowd 
to be a hydrogenated anhydroindigo-wliite containing the hydro- 
furan ring, and attempts to dehydrogenate this compound with a 
mild oxidising agent resulted in the formation of anhydroindigo- 
white, two molecules of which then condense, with eUmination of 
water. 

The addition of indigo-white to warm alcoholic hydrochloric acid 
with or without the exclusion of air, results in the formation of 
indigotin and the hydrogenated anhydroindigo-white. F. M. R. 
i^ali^sions. III. Fusion of Phenylglycine-o-carboxylic 
Acid for the Production of Indigotin. Max Phillips (J Ind 
cf. A., 1920, i. 732).-The maximum 
yield (89%) of indigotin is obtained when 1 molecule of phenyl- 
glycme-o-carboxylio acid and 12 to 1C molecules of potassium 
hydroxide are fused together at 260" for ten minutes. With 
sodium hydroxide, the maximum yield (69%) is obtained by using 
-8 to 32 molecules of the alkali and fusing the mixture at 270* for 
twenty-five to thirty minutes. \V_ g_ 

Constitution of the tsolsatogens. Paul Ruggli and Adolf 
Bolugeb {Hdv. Ohm. Acta, 1921, 4, 626—637; cf. A., 1919, i 
-* )' isomerism of the isatogens with the lighter coloured pro- 
ducts obtamed from them is confirmed by molecular weight determin- 
ations of the product derived from methyl isatogenate, and the latter 
are termed Moisatogens, It is suggested that the two series are 
desmotropio and that the formation of isatin from o-nitrophenyloro- 
piobc acid (Baeyer. A., 1886, 274) involves a similar change. The 
wmula previously proposed for the new compounds is not finally 
aopted, although no evidence has been discovered against it. Thus 
rue change is not analogous to the change of nitrobenzene into 
L 1 — ^ isoisatogens have no phenolic properties, 

inrtn!’ I . ‘*“satopnate is reduced by stannous chloride to methyl 
xylate although not as readily as methyl isatogenate. Further 
or, with less accompanying decom- 
thmr ; ’ acetic acid solution are converted by heat into 

change is, however, best accomplished by 
g the sso-compound with phenylearbimide (cf. Beckmann, 
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A., 1909, i, 390; Diels and Salomon, A., 1919, i, 226; Staudinger 
A., 1919, i, 584). Methyl isoisatogenate furnishes an oxime at the 
ordinary temperature which is identical with that produced from the 
quinonoid isomeride, and since it exhibits oxidising properties 
{cf. Pfeiffer, A., 1916, i, 327) is derived from this. This exceptional 
observation is unexplained. Ethyl isoisaiogenate, CiiHg04N, m, p. 

146°, forms yellow crystals. Ethyl ^-o-nitrophenylbromoacryhte, 
CiiHijOjNBr, m. p. 59°, results from the action of pyridine on ethyl 
ccp-dibromo-P-o-nitrophenylpropionatc. Di-isatogen (Baeyer, A. 
1882, 619) is best obtained from oo-dinitrodiphenyldiacetylene by 
illumination of its chloroform solution. J, K 


Action of Phenyl Hydrazine on Isatogens. Paul RCggli 
and Adolf Bolliger {Heh. Chim,. Ada, 1921, 4, 637 — 644; cf, 
preceding abstract).— The action of phcnyUiydrazine on 6-nitro. 
2-phenylJsatogen results in the formation of 6-nitro-2-phenylin(kxyl, 
CJ4HJQO3N2, orange-red leaflets, m. p. 215.° Its dilute solution 
in acetic anliydride in presence of sulphuric acid furnishes an ». 
acetyl derivative, O15H12O4N2, orange-yellow needles, m. p. 192-- 
193°, whilst in more concentrated solution at 40° an isomeric 
^■derivative, C14H12O4N2, greenish-yellow needles, m. p. 172°, is 
produced. fl-Nifrn.2-phenylindoxyl yields a quinhydrone, 
C28 HijO,N 4, brownish-black needles, m. p. 208—210°, when mixed 
in hot glacial acetic acid solution with 6-nitro-2-pheny]isatogeii, 
but not with its isomeride. The latter is also distinguished by its 
conversion by means of phcnyUiydrazine into Q-nitro-S-kdo-i- 
phenylindoleninephenylhydrazone, C2(|nj402N4, red needles, m. p, 
260—261°. Methyl Z-ketoindolenine.-2-carboxylate, 
yellow needle.s, m. p. 255° (decomp.), (oxime, Ci(|H303N2, yellow 
needles, m. ji, 221°) is obtained by the action of phenylhydrazinc 
on a cold dilute solution of methyl isatogenate, but at higher 
temperatures methyl indoxylate is produced, accompanied by what 
is probably methyl 'i-ke.toindolenine-2-carhoxijlale-phenylhydrazom, 
C16H13O2N3, orange crystals, m. p. 218°, when the reaction is 
particularly energetic. Methyl isoi.satogenate does not react with 
phenylhydrazinc. J- K- 


Paired Cyclamines. I. 2-(2-Quinolyl)Cyclainines ; Val- 
ency Formula of Quinoline. Alexander P. Sjiiknov 
(Helv. Chim. Acta, 1921, 4, S02Sn).--2-(2'.Ptjridyl)qiiinonne, 

m. p. 9C° {plathiichloride, orange-yellow needles, 

,,,, 

m. p. 197°, decomp.; auricMoride, yellow needles, m.^ p. -1| . 
decomp. ; picrate, greenish-yeUow leaflets, m, p. 183°), results 
from the condensation of o-aminobenzaldehyde with 2-pynayl 

methyl ketone. 2 : 2 ' -Diquindyl, I I I I I J’ 

N N 

m. p. 196° (plofinichlmide, orange-yellow leaflets, m. p. above 300 , 
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awridloride, unstable yellow needles; picrate, yellow needles, m. p. 
oio°), formed by condensation of o-arainobenzaldehydc with either 
o.qiiinolyl methyl ketone or diaeetyl. 2-{2' -Pyrryl)quinoUne, 


rYVr 


I I , leaflets, m. p. 129° {phtinichhrvk, ycllowish- 
'\/ 

N NH 

brown prisms, m. p. 210°, decomp. ; aurichloride, yellow and unstable), 
prepared similarly from o-aminobenzaldchyde or from potassium 
nviTole and 2-chloroquinoUne followed by isomerisation, colours a 

nine-shaving yellow. 2-(2 -Glyoxalitiyl)qiiiiu>lim, 

. -\/ 
N 


prisms, m. p. 119° [platinicMoride, orange prism.s, m. p. 330° 
(decomp.) ; aurichloride, golden-yellow leaflets, m. p. 20.5° (deoomp.) ; 
ykraie, needles, m. p. 201°], prepared from the silver salt of 
glyoxaline and 2-ehIoroquinoline. 

2-(2'-Pyridyl)- and 2-(2'-qHinolyl)-quinolinesdonotform complex 
ferro-compounds as do 2 : 2'-dipyridyl and o-phenanthroUne (Blau, 
A., 1899, i, 387). This i.s attributed to internal saturation of the 
residual nitrogen valency in the former compounds, the differences 
being expressed by the formuhe (I — III), which also explain the 
destruction of the “ benzene ” nuclcms by alkaline oxidation. 
The attack of the pyridine ring by reduction or acid oxidation is 
explained by assuming formul® IV and V for the primary reduction 
product and the ions produced in acid solution. 


Y ,fx> .<y\ i 

\/ %/\/ \/^/ \/\/ \/\/ \/\/ ' 
X ■ N N N .\ .V- : 

H - H : 

(1) (ii.) (HI.) (IV.) (V.) 

•J. K. 


Ring Closure with Hydrazinedicarbonamides containing 
Sulphur. I. Dithiourazoleandlminothiourazole. F Abkdt 
snd E. Mildb (Ber., 1921, 54, [B], 2089— 2110).— The products 
of the internal condensation of hydrazincdilliioearbonainidc and 
iudrazinedicarbothiophenylamide havo been examined by Freund 
(A., 1894, i, 97 ; 1895, i, 400), who considered them to be derivatives 
of tliiourazole, and later by Busch and Schmidt (A., 1913, i, 907) 
and by Busch and Lotz (A., 1915, i, 317), who proved them to be 
tmodiazoles. The internal condensation of the nieUiyl and benzyl 
ftnera of hydrazinedithiocarbonamide has now been investigated. 

Hydrazinedithiocarbonamide is readily methylated by methyl 
s phate in aqueous alkaline solution and the production of the 
fflono- or di-methylated product is easily regulated by suitably 
justmg the quantity of sodium hydroxide used. Hqdmzinedi- 
Wmrbonamide monomethyl ether, NHj-CS'NH-NH-CfSMejiNH, crys- 
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tallisesin lustrous needles, m. p. 174°, whereas the dimethyl compound 
N 2 H 2 [C(SMe):NH] 2 , forms broad needles, m. p. 132’; the nifrofe 
and sulphate of the latter are freely soluble in water ; the dihydn- 
chloride has m. p. 198°. The dimethyl compound loses methyl 
mercaptan at 155 — 200° and forms iminomethylthiolurazok 

colourless crystals, m. p. 135°, which is also 

formed when the compound is boiled with 2^-sodium hydroxide 
solution or when an aloohoUc solution of dimethyl cyanimidodithio. 


carbonate, C(SMe) 2 :N-C:N, is boiled with hydrazine hydrate the 
corresponding nitrate, m. p. 157°, mono-silver salt and monodemoaie, 
m. p. 144 — 145°, are described. 

,C(:NH)-NH , , , 

Iminothiourazole, NH<^^ short, colourless needles, 


m. p. 303° (decomp.), is prepared by the action of very concen. 
trated, aqueous potassium hydroxide solution on hydrazinedithio. 
carbonamide, of 2Af-sodium hydroxide solution on hydrazinedithio- 
carbonamidc monomethyl ether or of hydrazine hydrate on thiocyanic 
acid. It is a powerful acid and does not exhibit any basic character- 
istics. Its constitution is elucidated by its conversion into imino- 
thiourazole monomethyl ether by methyl sulphate and sodium 
hydroxide. With ammoniaoal silver nitrate it gives a di-silvtr 
salt, whereas in dilute nitric acid solution a morw-silver compound 
is produced. The ( ?) dibenzoyl derivative, lustrous needles, m, p. 
177°, is described. Its solution in aqueous sodium hydroxide is 
oxidised by potassium ferricyanide to the corresponding disulphide, 
colourless crystals, m. p. 240° (decomp.), after softening at 238° 
[nitrate, m. p. 130° (violent decomp.)]. 2 : 5-Dimethytthiolurazok, 


NH<j2;|gMe)'N’ needles, m. p. 91° after softening at 

90°, is prepared by the action of boiling aqueous 21'7-sulphuiic 
acid on hydrazinedithiocarbonamide dimethyl ether; the nitrati, 
long, slender needles, m. p. 95°, silver salt and monohenzoak, 
m. p. 96°, are described. When treated with fuming hydriodic 
acid it gives methyUhioUMcairazole, almost colourle-ss needles, m. p. 
254° (dccomp.) after softening at 250° (complete demethylation 
does not appear to occur), the constitution of which is elucidated 
by its ready re-conversion into the initial substance under the 
action of methyl sulphate and alkali hydroxide. The monomethyl 
compound is oxidised by potassium ferricyanide to the corresponding 
disulphide, CjHjNjSj, m. p. 203° after softening at 201°, the nitrate 
of which was also prepared. 


Diihiourazole, almost colourless crystals, m. p. 

195 — 190°, is obtained under certain conditions which are described 
fully in the original by the action of hydrazine hydrate on metliyl 
trithioallophanate, SMc-CS'NH-CS-NHj, in aqueous solution; the 
silver salts, CjHNgSjAgj and CjNjSjAgs, are prepared in dilute acid 
and ammoniacal solutions respectively. 

Hydrazined ithiocarbonamide monomethyl ether is transformed y 
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boiling 2Jf-hydroclilorio acid into methyUhioliminothiodiazole, 
C(:NH)-NH 

S<C(SMe):N ’ pointed needles, m. p, 176—178° (the spar- 

iiigly soluble hydrochloride and the silver salt are described) ; the 
constitution of the substance is deduced from its markedly basic 
properties, from its production by the methylation of the tiiol- 
iminothiodiazole of Freund [loc. cil.) and Busch {he. cit.), and 
by the direct synthesis of the compound of the only alterriative 
■' C(SH)-N , ^ 

formula, which has completely different properties, 

Hydrazinedithiooarbonamide is converted by benzyl chloride in 
the presence of aqueous potassium hydroxide solution into the 
corresponding morwbenzyl ether, short, coarse needles, m. p. 148“ 
[which is transformed by sulphuric acid into bcnzylthiolimino- 
thiodiazole, m. p. 157° (cf. Busch, loc. cil.) and by sodium hydroxide 
into benzyl mercaptan and iminothiourazole] and the dibenzyl 
cthet, lustrous^ leaflets, m. p. 94° {which readily yields sparingly 
soluble salts with mineral acids and is remarkably resistant towards 
the action of heat and of alkali). The latter is converted by 
2/y.sulphuTio acid in aqueous alcohoUc solution into 2 : 5-iibenzyl- 
iMolurazoh, m. p, 111° after softening at 108°. 

Hydrazinedithiooarbophenylamide is transformed by boiling 
2.V-sodium hydroxide solution into 2-phenylimino-5-thio-l-phenyl. 
urazole, m. p. 205° (cf. Busch, he. cil.). It is transformed by 
methyl sulphate into the corresponding dimethyl derivative, 
lustrous needles, m. p. 140°. The latter is converted 
by acids or by potassium hydroxide solution into methyl mercaptan 
and phenylmethylthiolphenylurazole, m. p. 226°. H. W. 

5-Hydroxyhydantom. Helnkich Bn.TZ and Maria Kobel 
{Ber., 1921, [B], 1802 — 1828). — Several substances are described 

in the literature as glyoxylurea [5-hydroxyhydantoin] ; of these, 
Strecker’s and Medicus’s (this Joum., 1875, 555) “ crystalline gly- 
osylurea ” has recently been shown to be identical with allantox- 
aidin (Biltz and Robl, A., 1920, i, 885). The authors now in- 
vestigate the amorphous products. 

In the preliminary part of the work, attempts to isolate glyoxyl- 
urea from uroxanic acid, from allantoin, and from allanturic acid 
according to directions given in the literature are described. It 
appears to be impossible, however, to isolate a pure glyoxylurea, 

3 ^rom these materials, the main difficulty consisting in 

e removal of allantoin ; even when this has been largely climin- 
, a pure product is not obtained and the only possibilities of 
success appear to lie in the selection of an original material which 
anno yield allantoin or in the choice of conditions under which 
e a ter ia destroyed. The latter effect can be achieved by 
ea ment of the crude product with nitrous fumes, or preferably 
hydrochloric acid and nitrous fumes; the 
product then gives analjdical data approximating to those 
the formula As starting-point for the 

i ments m the former direction, alloxanic acid [5-hydroxy- 
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hydantoin-5-carboxyIio acid] (Biltz, Heyn, and Bergius, A., 1917 j 
289) is chosen. An improved method of preparing this substance 
from alloxan is fuUy described, and it is shown to be decomposed 
by hot water into Schlieper’a leucoturic acid, a second substance 
(see later), and difiuan, C3H403N2,'a white, amorphous, voluminous 
powder which is extremely hygroscopic ; it suffers incipient decom- 
position at 120° and becomes brown at 180°. It is thus possible 
in two ways to secure preparations, which are precisely 

similar in aU their properties and constitute the main component 
of the “ amorphous glyoxylurea ” of the literature. The substance 
is stable towards hydrochloric acid, but is converted by concentrated 
sulphuric acid into oxalic acid and ammonia. It is strongly acidic 
and liberates carbon dioxide from sodium carbonate. It is very 
sensitive to the action of alkali hydroxides, yielding oxalic acid, 
and carbamide or ammonia. This property renders the preparation 
of well-defined salts a matter of considerable difficulty, but a 
revision of the recorded data appears to indicate strongly that 
the material is a monobasic acid. It is smoothly, but under some- 


what energetic conditions, oxidised by potassium dichromate and 
sulphuric acid to parabanic acid. It cannot be reduced by phos- 
phorus and fuming hydriodic acid to hydantoin. Its failure to 
react with phenyloarbimide indicates the absence of a hydroxyl 
group. Since, further, the physical and chemical properties dificr 
widely from those of 5-hydroxy- 1 : 3-dimethylhydantoin (succeed- 
ing abstract), the authors are drawn to the conclusion that their 
product is not 6-hydroxyhydantoin, but dehydrohydantoic acid, 
NHj-CO'N.'CH'COjII. (It is proposed to retain the name “ glyoxyl- 
urea.”) This conception is confirmed by its transformation with 
diazomothane into melhyl N-methyldehydrohydantoate, 
NHMe-CO-NlCH-COjMe, 

an amorphous, extremely hygroscopic powder, with benzoic 
anhydride into the corresponding mixed anhydride, CioHjOjS,;, 
forming pale yellow, micro-crystalline needles, m. p. 252° (decomp.l 
after darkening at 220°, and with acetic anhydride into a substance. 
C5H5O4N2, an almost colourless, very hy^oscopic powder. It h 
attacked only with difficulty by nitrous acid. 

The authors’ hypothe.sis receives considerable confirmation from 
the isolation of 5-hydro.xyhydantoin which, although previously 
nearly completely overlooked, is now .shown to be the main product 
of the decomposition of alloxanic acid by water, 

NH-C(0H)-C02H nh-ch-oh 

The main portion is mixed with the leucoturic acid, from which 
it is readily separable by taking advantage of its ready solubility 
in alcohol, in which the latter is insoluble. S-Hydroxyhydantoin 
crystallises in needles, m. p. 165°. It is very stable towards alka 1, 
faintly acid toward.s litmus, and does not liberate carbon dio-nde 
from metallic carbonates. It is oxidised by potassium dichromate 
to parabanic acid, and reduced by hydriodic acid to hydantoin. 
It is readily converted by diazometbane into 5-methoxy-S-melhyi- 
hydantoin, a y ellow, extremely hygroscopic syrup which is traub- 
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formed by hydriodic Mid into methyl iodide and 3-methylhydan- 
toin, III' P- 184—185°. The barium salt, CaHjOjffjBa, is described. 
It is converted by prolonged treatment with hot water into gly- 

oxyliu'ea. 

Leiicoturic Mid has been further examined and is definitely 
proved to be identical with oxalantin Isolated by Limpricht by 
the reduction of parabanio acid with zinc and dilute acid. (Since 
the substance is .shown to be a monobasic acid, the retention of 
the name “ leucoturio acid ” is proposed.) The original formula, 
C5H6II8II4' “ “onfivined. The substance forms ill-defined crystals, 
111. p. 238°. It is acid towards litmu.s, and liberates carbon dioxide 
from metallic carbonates. It is converted by solutions of alkali 
hydroxides into oxalic acid and ammonia, and by concentrated 
a(|ueous ammonia into ammonium o.xalurate and dehydrohydan- 
tnate. It is oxidised by potassium diehromate to parabanic acid, 
but does not ^eld hydantoiu under the action of hydriodic acid 
and phosphoniura iodide. It is converted by diazomethane into 
mthjl dimethylleucoturate, ill-defined leaflets, m. p. 230° (decomp,), 
in which one methyl group is shown to be attached to oxygen and 
the other two groups to nitrogen. The constitution of the com- 
pound is in all probability expressed by the formula 

NH^-CO-NlCH-GO-NH-CO-NH-CO-COsiH; 
attempts to synthetise it from oxaluric acid and glyoxylurea wore 
not successful. H, W. 

3-Hydroxy-l : 3-dimethylhydantoin. Hei.v.kich Biltz and 
Dorothea Heideich (Ber., 1921, 54, [B], 1829— 1833).— The 
substance ha,s been prepared previously by Androa.sch (A., 1882, 
1054) by the reduction of 1 : 3-dimethylparabanic acid, and its 
constitution has been established. The present investigation was 
undertaken with the object of supplying further information 
required in the inv-e.stigation of glyoxylurea (preceding ab.stract). 

Full details of an improved method for the isolation of dimethyl- 
paabanic acid from calfeine arc recorded and also for the crystallLsa- 
tioii of 5-hydioxy-l : 3-dimethylhydantoin; the latter has m. p. 
10’ after softening at 65°, b. p. about 2H3 — 2,84°. It is reduced by 
(oneentraled hydriodic acid to 1 : 3-dimcthylhydantoin, m. p. 
4o-46°, It is converted by benzoic anhydride into the correspond- 
ing hei^zoate, small puisms, in. p. 122 — 123°, by piicnylcarbimidc 
into the phenylcarhamate, m. p. 147 — 148° after .softening at 143°, 
snd by diazomethane into 5-melhoxy-l : S-dimethylhydnnloi)i , which 
rauld only be obtained on one occasion in the crystalline form. It 
B oxidised by potassium diehromate to 1 : S-dimethylparabanic 
“d- H. W. 

Non-aromatic Diazonium Salts. VII. The Diazo-reaction 
ffl the isoOxazole Series. Gii.bkrt T. .Mokgas and HejiRY 
iiracES-s (T,, 1921, 119, 1546—1549). 

Azides, Antliranils, and Azo-derivatives of Anthraquinone. 

and Hass Rot.fes (Annakn, 1921, 425, 

0 -161). Anthraquinone-2-diazonium sulpihate, on treatment 
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vnth hydrazine sulphate, yields 2-szidoanthraquinone, which shows 
no tendency to pass into an isomeride of 3 ; 4-benzoyleneaiithranil 
(Sohaarschmidt, A,, 1916, i, 8.56), a fact favouring Schaarschmidt’s 
formula for the anthranil as against the “ semiazo ” formula of 
Gattermann and Ebert (A., 1916, i, 857). 2-Azidoanthraquinone on 
condensation OTth ethyl acetoacetate, yields ethyl 1-^-anthn- 
quinonyl-S-methyltriazole-i-carboxylate, m. p. 201° (dccomp.), 

3 ; 4-Benzoylcneanthranil may be obtained by treating anthra- 
quinonc-l-diazonium sulphate with hydrazine sulphate, and 5. 
nitro-3 : i-henzoyleneanlhranil by nitrating 1-azidoanthraquinone 
by means of fuming nitric acid in the cold. 5-Nitro-3 : 4-benzoylene. 
anthranil forms browm needles, m. p. 244 — 245°, gives with con. 
centrated sulphuric aeid a solution which on heating at 170° with 
boric aeid becomes dee]) red and strongly fluorescent, and gives 
1 : 4-diaminoanthraquinone on reduction by sodium sulphide, p 
may also be prepared by the following series of reactions 
l-Nitro-4-aminoanthraquinone, when treated with nitrous acid and 
a salt of hydroxylamine, yields i-ziHro-l-anthraquinonetaohydroxyl. 
amide, unstable, red rhombs, wliich on 

heating with pyridine and acetic anhydride yields ^■nilro-l-a-dio. 
anthraquinone. This substance, which forms yellow needles, on 
heating either alone or in benzene eliminates nitrogen and yields 
the nitrobenzoyloncanthranil. 

A solution of 4-nitro-l-anthraqumonediazoninm sulphate on 
keeping gradually deposits red needles, termed by the authors 
“ 1 : i-anthraquinone.quinonediazide’’ (formula in- 
CO 9 nexed). On heating this wdth concentrated sul- 
phuric acid, quinizarine is produced. 

I I I I i-Chioro-i-anthraquinoneazohydroxylamide is 
prepared from 4-chloro-l-aminoauthraqumone. 
00 it crystallises from pyridine with 1 mol. of this 

N-N substance, and passes into i-chlmo-l-azidoantha' 
quinone on treatment with pyridine and acetic 
anhydride, or with pyridine formaldehyde and dilute aqueous 
sodium hydroxide. 4-Chloro-l-azidoanthraquinone on nitration 
yields 5-chloro-T -nitro-3 ; 4:-benzoyleneanthranil, yellow needles, which 
decompose at 187°. 

I- A nthraquinoneazohydroxylam,ide-5-diazon inm snlfhale, bronze 


needles, is prepared from 1 : 5-diaminoanthraquinone, and on treat- 
ment with pyridine yields l-N-jfyridyt-5-an.thraquinoneazohydTOxyl- 
amide, red, lancet-like crystals, which with pyridine and acetic 
anhydride yields 3 : i-o-^-pyridylbenzoyleneanthranil, golden-yellow, 
glistening leaflets, m. p. above 300°. 

The following azo-compounds arc described : p-\-Anthraquinoiie- 
azodimelhylaniline, dark brown prisms, m. p. 249°. p-l-diilSro- 
quinoneazoaniline, red needles, m. p. 211° (dccomp.). m-1- Anthra- 
quinoneazo-rp-toluidine, deep red needles, m. p. 230°. p-l-drifeo- 
quinoneazophenol, fiery red tablets. p-l-AiUhraquinoneazoresorciM 
crystallises from aniline in red needles having 1 mol. of aniline. 
p-1 : 5-Aminoanthraquinoneazoaniline, red needles, m. p. 216^ 
p-1 ; 5-Anlhraquinoneazohydroxylamideazodimethylaniline, dark red 
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tablets containing ,1 mol. of pyridine. (With pyridine and acetic 
anhydride it yields o-3 : i-'p-dimelhylaniUneazAetizoyUneanthranil, 
glistening, dark brown rhombs, m. p. 229°.) 1 : l-Anihraquinoneazo- 
l-naphthd; fiery red needles, m. p. 290°. pp-1 ; 5-Anthraqumone- 
iisaxoaniline, red rhombs, decomposing at 251°. mm-1 : 5-Anthm- 
giiinoiiebisazo-p-toluidine, dark red needles, m. p. 246° (decomp.). 
^.^^Atithraqninoneazodimethylaniline, needles having indefinite m. p. 
i.i.Anihraquinonmzoaniline, yellow needles. m-'i-ATtlhraquinone,- 
azo-p-toluidine, red rhombs, m. p. 227° (dccomp.). p-2-Anthra- 
quinoneazophe^nolj bright red needles. 2-Anthmquitwneazo-^- 
j[iipUhol, red needles, m. p. 250°. 4 : 2~Anlhraquivoneazo-x- 
DdjMKylizznine, needles, m. p. above 290°. Ethyl oL-l-anihraquinone- 
QZooMoncduU, orange-yellow needles, m. p. 152° {phenylhydrazone, 
ted needles,' m. p. 263°). Ethyl oL-i-anlhraquinoneazoacetoacelate, 
small, yellow needles, m. p. 221° {phenylhydrazone, red rhombs, 
til. p. 247°). All these substances are prepared by coupling the 
anthraquinonediazonium salts with appropriate second components. 

iA-Anthraqidnoneazoaceloaceiic acid, yellow needles, m. p. 251°, 
is prepared by hydrolysis of the ester. On condensing with phenyl- 
hydrazine, it yields 4 : l-anthraquinoneazo-l-phenyl-Z-methylpyrazol- 
cm, red needles, m. p. 252°. tt.-2-Anthraquinoiieazoacetoacetic acid, 
small, yellow tablets, ra. p. 247°, and 4 : 2-anthraquinone-\-phenyl. 
%-melhylpyrazolone, bronze leaflets, m. p. 268°, are prepared in a 
similar manner. 0, K. I. 

The Proteins and Colloid Chemistry. Jacques Loeb 
[Seknee, 1920, 52, 449 — 456). — An address in which evidence is 
put forward that, as exhibited by the behaviour of the proteins, the 
chemistry of colloids does not differ from the chemistry of crystal- 
loids. It can be shown that ions combine with protein in the typical 
ratio in which the same ions combine with crystalloids only when it 
is recognised that the hydrogen-ion concentration of the protein 
solution determines the amount of ion combined with the protein, 
and the true comparison of one ion with another can only be made 
at the same hydrogen-ion concentration. The results of Hofmeister 
and of Pauli are invalid owing to non-observance of this condition. 
Only the kation or the anion, or neither, can combine with protein, 
according to the hydrogen-ion concentration of the solution. For 
example, gelatin at the isoelectric point, 4-7, combines with 
neither ion; at >4*7 only Avith kations (sodium gelatinate), 
at p„< 4-7 only with anions (gelatin chloride). This can he shown 
when powdered gelatin, brought to various values for is treated 
on a ^ter with a neutral salt (for example, silver nitrate, nickel 
potassium feirocyanide, and sodium thiocyanate) solution 
and the excess of salt washed away. It follows that values for 

oth concentration and hydrogen-ion concentration are necessary 
to define a protein solution. 

v^en acid is added to isoelectric gelatin (or other protein), 
^quiiibniim is established between acid, gelatin-acid salt, and 

00 ectnc gelatin ; when alkali is added, equilibrium is established 

ween metal gelatinate, isoelectric protein, and hydrogen ions. 
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That the nature of the union is chemical is shown by the fact that 
three volumes of O-lrV-phosphoric acid, or two volumes of O'lV 
oxahc acid, or one volume of 0-lW-hydrochloric, nitric, or sulphurij 
acid are required to bring a quantity of 1% gelatin solution to the 
same hydrogen-ion concentration. When thi.s hydrogen-ion con 
eentration is reached, the gelatin is in each case in combinatiori 
with the same amount of acid, and the solutions show the sajjp 
osmotic pressure. Analogous results are shown with bases, anj 
with both ha.se.s and acids in the case of egg-albumin, 

h'rom these combitiing ratios the physical properties of proteins 
can be predicted. Any acid of which the anion behaves as a 
univalent ion raises tlie osmotic pressure, viscosity, and .swelling 
of protein approximately twice as much as one of which the anion 
behaves as a bivalent ion; kations conform to the same rule 
Curves in which the hydrogen-ion concentrations arc plotted 
against the magnitude of certain physical properties (for example, 
swelling) indicate almost identical effects with chloride, bromide' 
nitrate, tartrate, succinate, citrate, and phosphate, with a minimuin 
at pii =4-7 and a maximum at about pn = 3’2; gelatin sulphate 
gives parallel curves, but the maximum value is only half that 
obtained previously. Protein salts with ions of the same valcncv 
show at the same hydrogen-ion concentrations like physical 
properties. Chemical Abstracts, 

Colorimetric Experiments on Tryptophan. IV. Formation 
of Melanoidin by the Acid Hydrolysis of Protein and its 
Dependance on Tryptophan Complexes. Otto Puhtu and 
Fritz Lieben {Biochem. Zeitsch., 1921, 116, 224— 231).— By 
investigating the tryptophan content of various proteins colon’, 
metrically and determining the amount of melanoidin formed on 
acid hydrolysis, a parallelism is observed between the tiyptopliaii 
content and tlie melanoidin. The authors consider that the 
melanoidins are the condensation products of the tryptophan 
molecules. The term humin is reserved for the results of change 
of carbohydrate complexes. H, K, 

Relation between the Salting-out and Precipitation-inhibit- 
ing action of Inorganic Ions on Protein Solutions. Rtoiiakd 
Labes (PjlUgefs Archiv, 1921, 186, 112 — 125). — Inorganic 

ions influence the precipitation optimum of serum-albumin. With 
increasing concentrations of a neutral alkali salt the precipitation 
is displaced more and more into the region of higher acidity, up 
to the zone of the salting-out optimum. The neutral salts in 
extreme acid reactions salt out the best and the displacement of 
the precipitation optimum by the more strongly absorbed anions 
of the neutral alkali salts is to be found on the acid side. 

Chemic.al Abstracts. 

Displacement of the Precipitation Optimum of Serum- 
albumin by Alkaloids, Dyes, and other Organic Electrolytes, 
and the Action of Non-electrolytes. Richard Labes (Pfl'^ers 
Archiv, 1921, 186, 98 — 111). — The effect of various substances 
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on the precipitation of serum-albumin is twofold : (1) a displace- 
ment of precipitation optimum, and (2) an inhibition or activa- 
tion of the precipitation. These actions are exerted by organic 
salts in the form of chlorides just as by inorganic salts. Displace- 
ment toward the less acid side increases with the kations in the 
series : choline, physostigmine, morphine, pilocarpine, cocaine, 
quinine, optochin, and cucupinotoxin. Displacement toward the 
acid side increases with the anions in the series ; resorcinol, phenol, 
thymol, naphthol, salicylic acid, eosin, diaminc-red. All the anions 
investigated increase the precipitation more or less; inliibiting 
anions, as the sulphate ion, are not found among the organic anions. 
Xon-clectrolytes (ethyl, methyl, and heptyl alcohols; ethyl ether) 
never cause a displacement but only a broadening of the precipita- 
tion zone. Their effect is in striking parallel with their surface 
activity. Cnnmc.tt Abstracts. 

Acerin : the Globulin of the Maple Seed. R. J. Axdbbsov 
[ withW.b.KuLr] (d'. Biol. Chem., 1921, 48, 23— 32).— Theglobuhn 
of the maple seed, isolated and purified by various methods, is found 
to be a non-crystailine substance of the elementary composition : C, 
,3141% ; H, 6'80% ; N, I8-34% ; 0. 22-87% ; S, 0-r>r,%. It closely 
resembles arachin (A., 1917, i, 191), the globulin of the peanut, in 
its composition and distribution of basic nitrogen; the figures 
for the latter for acerin are: Cystine, 0-o5%; histidine, 1-43%; 
arginine, 10-07%; lysine, 6-07%. C. R. H, 

Physico-chemical Examination of Haemoglobin. State 
oi Aggregation of Hemoglobin Molecules. M. Ca.mis {Folia 
Hiemtologica 2, 149—211; from Chem. Zmtr., 1921, iii, 418).— 
The surface tension of dialysed luemoglobin solutions, measured 
stalagmomctrically, deerea.ses witli rise of temperature and increases 
ivith increase of concentration up to 6%. Addition of O-OOO — 0-1 % 
of lactic acid to a solution of hmmoglobin or laked blood diminishes 
surface tension and lowers the extinction coefficient. Both effects 
are attributable to a decrease in the number of particles. It is 
supposed that the presence of lactic acid in blood leads to an 
aggregation of haemoglobin molecules. G. W. R. 


Preparation and Analysis of Animal Nucleic Acid. P. A. 

Livexe (J. Biol. Chem., 1921, 48, 177— 183).— Improved methods 
lor the preparation of nucleic acids from the spleen, pancreas, and 
liver are described and analytical results given. Jfor purposes 
of estimation, the purine bases are separated in the form of their 
hydrochlorides by alcoholysis of the nucleic acid. No confirmation 
"as obtained of the presence of mixed nucleic acids, that is, nucleic 
atids contaming both hexosc and pentose nucleotides (cf. h'eulgen. 
IhiSTol., i, 76). E. S. ' 


The Structure of Thymus-Nucleic Acid and its Possible 
earing on the Structure of Plant-Nucleic Acid. P. A. Levene 
t . GMm., 1921, 48, 119 — 125). — ^Thc author’s ester formula 
1920, i, 193) still expresses all the known facts about the 
a nieture of yeast-nucleic acid. Jones’s experiments (A., 1920, i, 
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687) on the rate of hydrolysis of yeast-nucleio aeid are in agree, 
ment with this formula, and not with the ether theory of unioj 
by carbohydrates; they merely indicate that the union between 
the four nucleotides is more labile than that between the phos. 
phoric acid and carbohydrate. The fact that there is no change 
in acidity during its hydrolysis by pig pancreas (Jones, A., 1920, i 
687) is due mairdy to buffer effect. 

From the hydrolysis product of thymus-nucleic acid, hexa. 
thymidine diphosphoric acid and hexacytidinediphosphoric acid 
were isolated by a simplified process and the barium salt of the 
former was obtained in a crystalline condition. Under the experi. 
mental conditions neither the monophosphoric nucleotides nor the 
dinucleotide previously obtained (Levene and Jacobs, A,, 1912, i 
926) could be isolated. The former are therefore probably secondary 
products, while the existence of the latter is doubtful. In these 
circumstances, and by analogy with yeast-nucleic acid, the following 
structure for thyraus-nuclcic acid is suggested : 

0 0 0 

C8Hjo04”0-t“0"C5Hj03“0“t-0”C6H|,03-0 t O-CjHjjOj 

O5H4N3 6 h O3H3O3N3 OH O5H4ON5 6h (IJjHjONj, 

E. S. 

Donnan Equilibrium and the Physical Properties oi 
Proteins. IV. Viscosity (cont.). Jacques Loeb (J. gen. 
Physiol, 1921, 4, 73—95; cf. this vol., i, 693).— After completing 
the proof that the viscosity of suspensions of powdered gelatin in 
water is influenced by electrolytes in the same way as the viscosity 
of solutions of gelatin, viscosity measurements are given to show 
that solutions of gelatin contain (submicroscopic) particles of 
solid jelly capable of swelling, and that the viscosity is due to 
those. The viscosity of a solution of isoelectric albumin (which 
exists in isolated molecules) changes linearly with the concentra- 
tion, whilst gelatin, especially at low temperature, behaves in a 
radically different manner. Experiments on the viscosity and 
sedimentation of suspensions and solutions of casein chloride show 
that particles of casein chloride occlude water in accordance ivith 
a Donnan equilibrium between them and the srmounding liquid. 
In a colloid solution in general there may be isolated ions anil 
molecules, giving rise to a general viscosity of low order, and 
also (submicroscopic) particles, the volume of which changes m 
accordance with the Donnan equilibrium, causing a high viscosity 
which is markedly influenced by the P,, of the solution and by the 
dissolved electrolytes. 0- E. 

The Reciprocal Relation between the Osmotic Pressim 
and the Viscosity of Gelatin Solutions. Jacques Loeb (J. 
yen. Physiol, 1921, 4, 97—112; cf. ppeding abstract).--iM 
osmotic pressure of a gelatin suspension is due almost entirely 
the presence of free molecules of the gelatin, the viscosity to 
submicroscopic particles swollen in accordance with the l>onii 
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Thua in a solution of given concentration the larger 
tlJe osmotic pressure the smaller the viscosity and vice versa. 
T.'vneriiucnt3 are described which verify this conclusion, 

^ W. 0. K. 

Comparative Hydrolysis of Gelatin by Pepsin, Trypsin, 
Acid, and Alkali. John H, Northrop (J. ffen. Physiol., 1921, 

^ 57—71). — The relative power of varioas hydrolysing agents 
to split protein linkings can be investigated by the following method. 
Gelatin partly hydrolysed by one agent is submitted to another, 
and hydrolysis, as indicated by “ formal ” titration, proceeds 
further than with either separately if they hydrolyse different 
linkings. On considerations such as this, it is found that linkings 
split by trypsin or pep.sin are resistant to acid and easily hydrolysed 
by alkah ; those split by pepsin are split by trypsin, although not 
necessarily vice versa; and of those split by both, rapid pepsin 
hydrolysis is associated with .slow trypsin hydrolysis. W. 0. K. 

Invertase. Richard WillstAtter and Fritz Backe {Annalen, 
1921, 425, 1 — 135). — An examination of the conditions controlling 
the extraction of invertase from yeast is followed by a study of 
the adsorption of invertase from the yeast extract on kaolin, alumin- 
ium hydroxide and other substances, and the knowledge thus 
gained is applied to the preparation of invertase having a higher 
degree of purity than any yet obtained. 

The extraction of invertase from yeast by digesting with water 
is by no means a purely physical process, some decomposition 
(autolysis), probably enzymatic, being necessary to bring about 
liberation of the invertase. For instance, the destruction of the 
yeast-cells by grinding with sand, although it facilitates the subse- 
quent extraction, does not render the invertase immediately 
soluble. 

The yield of invertase from a given specimen of yeast depends 
greatly on the past history of the latter; if it be dry yeast, the 
manner of drying is important. For instance, yeast dried at 
b30°, or by treating with acetone, gives poor yields of invertase. 
The chief factors which influence the speed of autolysis are dilution 
with water and the addition of antiseptics (for example, toluene, 
ethyl acetate, chloroform) both of which hasten the process. The 
addition of diammonium hydrogen pho.sphate, and neutralisation 
of the liquid by means of ammonia (the extracts as ordinarily 
prepared have an acid reaction) also have a similar although less 
pronounced effect. 

The crude extract contains phosphates, precipitable by mag- 
nesium salts, and albumins, which may be removed by adding an 
excess of lead acetate, the lead being subsequently removed by 
passing hydrogen sulphide, and the residual acetic acid by dialysis. 

When a limited amount of kaolin is added to the crude extract, 
adsorption of albumins occurs, but no appreciable amount of 
wrertase is taken up. On the other hand, after the invertase has 
been purified by adsorption on alnminium hydroxide and subse- 
Tuent extraction from the adsorbate, kaolin adsorbs it preferentially 
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and a further purification can thus be efiected, the accompanying 
resins remaining in the mother -liquor. 

Invertase is strongly adsorbed by aluminium hydroxide, even 
from aqueous solution, and still more strongly from an aqueous 
solution containing, say, 28% of acetone or of alcohol. A studv 
of the fractional adsorption of invertase on aluminium hydroxide 
shows that at first certain impurities are taken up, and that on]y 
after an appreciable amount of aluminium hydroxide has bcei 
added does the invertese begin to be adsorbed in large quantities. 
In the later stages, the amount of invertase adsorbed by a given 
weight of aluminium hydroxide diminishes asymptotically in such a 
manner that in preparing the adsorbate for the purpose of purifying 
the invertase it is often convenient to leave about 10% in the 


mother-liquor. 

The invertase cannot be extracted from the adsorbate by pure 
water, or by water charged with carbon dioxide. With a con. 
centrated aqueous solution of sucrose, the adsorbate behave.? jiii 
as though the invertase which it contains were free, and, sinte 
the quantity of invertase in a solution is always estimated by means 
of its activity toward.? sucrose, this property of the adsorbate 
affords a means of examining its stability. It is found that a 
decided loss of activity occurs on keeping. Almost quantitative ei- 
traction can he effected by means of 1% aqueous disodium hydrogen 
phosphate, 1% aqueous diainmonium hydrogen phosphate, O’OIi; 
aqueous ammonia, 1% ammonium oxalate, very dilute sodium 
carbonate, and aqueous pyridine. 

It is a curious fact that when the original yeast extract i.? pre- 
pared without the addition of ammonium hydroxide a preliminary 
purification by precipitation with lead acetate hinders the extrac- 
tion by ammonia of the invertase from its adsorbate with aluminiuin 
hydroxide, whilst if neutral extracts, obtained lyith the aid ol 
ammonia, be employed a preliminary treatment with lead acetate 
appears to be necessary to ensure successful extraction by aminnnia, 

Invertase is adsorbed by normal calcium phosphate (CajPjOii, 
but conversion of this into calcium hydrogen phosphate (CaHPOj 


renders extraction possible. 

A solution in water of inverta.se which has reached a certain 
degree of purity gives a precipitate with uranyl acetate. If sufficient 
uranyl acetate be employed this precipitate contains the wlicle ot 
tlie invertase originally present in the solution. Extraction takes 
place in O-OLV-aqueou" sodium carbonate. - it.. 

Using the above facts methods are detailed m the original 
the preparation of invertase. , 

Invertase decomposes gradually in aqueous solution, s- 
activity being complete in one and a half years, and fair y d ■ 
in the presence of more than a limited quantity of alcoho % % , 
It undergoes a temporary loss of activity on drying. 


Action of Emulain from Almonds on Lactose in Sol“‘‘0» 
in 85% Ethyl Alcohol. Marc Brioel (Compi. raid., l.wi. ^ 
501 — 504). — From the products of the action of emul& 
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0 . 2 “' soliitWR of lactose in 8,5% alcohol at the ordinary temperature, 
thvi p-galaotoside was isolate. The lactose is thus first hydro- 
1 sed galactoside is synthesised. W. G. 


Lead Triaryl, a Parallel to Triphenylmethyl, II. Lead 
,j,j,^ 5 (ohexyl. Erich Krause (Ber., 1921, 54, [B], 2060—2066 ; 
jf l&ause and Schmitz, A., 1920, i, 197). — ^The preparation of 
lead tricyctohexyl as a crystalline substance the molecular weight 
of which in dilute solution corresponds exactly with that required 
ty the formula (CgHj^jjPb places beyond doubt the existence of 
nrjano-derivatives of tervalent lead. The substance has the 
unastal property of uniting with iodine in benzene .solution at the 
ordinary temperature to form lead trici/c/ohe.xyI iodide with such 
readinek that it may be c.stimated quantitatively in this manner, 
whereas when warmed with an excess of iodine it lose.s a cyclo- 
hcsyl group and yields lead dicyctohexyl di-iodide. Since lead 
tetr'acyctohexyl can only be produced with great difficulty, it is 
obvious that the formation of lead triaryls depends on the molecular 
volume of the radicle introduced rather than on its chemical 
nature, 

[With G. S. Reissaus.] — Lend tricyclohexyl, thin, yellow, hex- 
agonal platelets, decomp. 195°, is prepared by the gradual addition 
of finely-divided lead chloride to a solution of magnesium cydo- 
he.’ij'l bromide in dry ether; in substance or when dissolved in 
benzene, it is very sensitive to the action of light, but the dry 
compound can ho' preserved indefinitely in the dark. Lead tri- 
cycloferyl iodide, PbfCjHuljI, crystallises in long, golden-yellow, 
rlioinbic prisms, m. p. 91-7° ; it is converted by aqueous potassium 
hydroxide solution into lead Iricyclohexyl hydroxide, which could 
only be isolated as a white, amorphous powder. Lead fricyclo- 
ki-yl chloride, pale yellow, slender needles, deoomp. about 236°, 
and lead Irkychhexyl bromide., straw-yellow needles, decomp, 
about 210°, are abso described. Lead dieyeXohcxyl di-iodide, 
PblCjHjjljTj, crystallises in pale yellow needles, decomp, about 
58°, and is somewhat unstable, whereas the corresponding dibromide 
forms pale yellow needles, decomp, about 142°. Lead felrooyclo- 
keryl, colourless, rectangular platelets, which become yeUow at 
130° and blacken at 160°, is prepared by the protracted action 
oi an ethereal solution of magnesium cyctohexyl bromide on lead 
tricydohexyl bromide, H. W. 


Improvements relating to Soluble [Organic] Mercury 
Compounds. J, D. Riedel Akt. Ges. (Brit. Pat. 161922).— 
Hvdroxymercurisalicylic anhydride (170 grams), suspended in 
vater, is treated with potassium cyanide (37 grams) and the 
amorphous mercury compound is rapidly converted into a crystal- 
line mass, which, when a considerable amount of water is present 
(for example, 800 grams) consists of the potassium salt of the 
frcyanomercurisalicylic acid. With a le.sser quantity of water 
IM giam.s), the product consists of a mixture of this substance 
with the corresponding para-compound, which may be isolated by 
VOL. CSX. i. hh 
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extracting the crystalline mass obtained after filtering ofi the 
coloured mother-liquor and washing with aqueous alcohol, with 
about three times its weight of water at 25“’, and cooling the extract 
to 0°, when a woolly mass of crystals separates and is purified 
by recrystallisation from hot water. The pure ortho-compound 
forms colourles.s, short prisms with a satin lustre, soluble in about 
25 parts of water at ordinary temperatures with a neutral reaction, 
The pure para-compound forms oblong tables about four times 
as soluble in water as its isomeride. The solution has an 
acid reaction and darkens with ammonium sulphide more rapidly 
than the ortho-isomeridc. Both compounds give with silver 
nitrate a silver salt of the formula CN-Hg-C 8 H 3 ( 0 H)-C 02 Ag, 

G. F. 11. 

Organo-chromium Compounds. I. Chromium Penta- 
phenyl Hydroxide. Fkanz Hein {Ber., 1921, 64, [B], 1905— 
1938). — A detailed account of investigations, a preliminary notice 
of which has appeared previously (A., 1919, i, 232). Chromium 
pentaphenyl bromide, CiPhjBr, is obtained as an orange-brown, 
amorphous substance by the action of an ethereal suspension of 
chromic chloride on a weU-cooled ethereal solution of magnesium 
phenyl bromide. The product is doubtless a mixture of sub- 
stances and the yields are not good; its purification is rendered 
exceptionally difficult by its sensitiveness towards air, light, rise 
of temperature, and acids, and by its persistently amorphous nature. 
With alcoholic mercuric chloride solution, the crude product yields 
a mercuriohloridc, CrPhjBr.HgClj, which can be purified by repeated 
extraction with boiling alcohol, under which it melts to a product 
resembling sealing-wax. The latter appears to be homogeneous, 
hut is still less stable than the crude bromide. From it, it has been 
found possible with difficulty to prepare the compound, 

. 2CrPh5Br,Et20, 

an amorphous powder which softens at about 80° and has m. p, 
about 100° (decomp.). A similar crude chromium pentaphenyl 
bromide can be obtained from chromyl chloride and magnesium 
phenyl bromide in the presence of well-cooled benzene (of. Sand 
and Singer, A., 1904, i, 38), but not from chromic oxide. The 
production of the compound from a derivative of hexavalent 
chromium renders it probable that the reaction with ehiomic 
chloride takes place in accordance with the scheme 4CrCl3— 
oMgPhBr — > CrPhjBr-f 2MgBr2+ 3MgCl2-(-3CrCl2, which would ac- 
count for the poor yield cr the organochromium product. 

The bromine atom of chromium pentaphenyl bromide is dis- 
placed with unusual readiness, for example, when its solution in 
chloroform is agitated with an aqueous suspension of silver oxide, 
whereby the chromium pentaphenyl hydroxide passes into the 
aqueous layer. Since the other chromium compounds present in 
the crude bromide remain dissolved in the chloroform, a ready 
method of preparing the hydroxide seemed to be indicated; these 
hopes were not, however, fulfilled, since it was found that e 
silver oxide also exerted an oxidising action, and that a mixtuie o 
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bases which decomposed with extreme readiness and 

from “ was not possible to prepare solid or crvstalline salts 
^th the possible exception of the perchlorate. The strength of 
chromium pentaphenyl hydroxide inhibits its production bv the 
use of potassium hy^oxide in tlic usual manner, but, by rkson 
of the ^olubihty of potassium bromide in alcohol, this^ can be 
achieved by workmg wth the latter solvent. For this purpose 
alcohohc solutions of the crude bromide and potassium hydroxide 
are mixed diluted with ether, and filtered from the precipitated 
potassium bromide; the filtrate m concentrated, and the well- 
cooled residue is trea,tcd with chloroform or aiiisole to remove 
excess of potassium hytoxidc. The clear solution is shaken 
inth ice-cold water into which the chromium phenyl bases gradually 
pass and from which ckrcmmm pentaplunyl hydroxide, separates 
in the form of golden-yellow leaflets or prismatic needles- The 
substance IS best preserved over potassium liydroxide .solution 
30 /o) and under diminished pressure. When prepared under 
hese conditions (which correspond with air-drying), the substance 
loses -HjO when placed over calcium chloride and a further 2H 0 
m the presence of phosphoric oxide (in the latter process the colour 
ch^ps from brownish-orange to a dark olive-brown). Its con- 
stitution is therefore expressed by the formula 
™ , , [CrPh5(0H)2]0H,2H,0. 

The completely dehydrated substance decomposes somewhat 
reaily when preserved at the ordinary tempekture, with the 
production of diphenyl; a similar but slower change occurs with 
the diliydrate. The anhydrous base and its dilivdrate can be 
re ivdrated to the tetrahydi-ate. When placed over concentrated 
su phurio acid the substance loses 2% of water and yields an orange 
coloured product, the analyses of which give results agreeing 
nth those required by the dihydrate of chromium pentapheny® 
hjdroxide; this cannot be dehydrated further over^ phosphoric 
oMde (the modificukon is termed the (3-base). Compari^n of the 

< diurhvZ,t'bi*‘'"^‘®p chromium pcntaplienyl hydroxide, 

- im hydroxide, and ammonia in absolute mctbyl-alcoholic 
solo ion proves the former to be a very strong base in amiem ! 

pSritv 'ncrcasing dilution, a 

orthcomL^ rt u explanation is not at present 

OTtneommg. The ultra-violet absorption spectrum has l.een 

doselTsfmlkr^'tW® f alcoholic solution and found to be 
to LTbsorutinn'*- ‘Chromic acid and diehromates, 


/i h 2 
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Physiological Chemistry. 


Acidosis. XVII. The Normal and Abnormal Variations 
in the Acid-Base Balance in the Blood. Donald D, v.is 
Slyke {J. Biol. Chem., 1921, 48 , 153— 176).— This paper is a 
review of recent work on the subject of the regulation of the reaction 
of the blood. For purposes of illustration, a diagrammatic repre. 
sentation is adopted of the different conditions which may arisf 
aa the result of variations in the acid-base ratio. These conditions 
together with the compensatory measures employed by the bodj 
to meet them, are discussed at some length. 

Turther, the question of the relation of the acid-base balancj 
of the blood to that of the other body-fluids, and the question ol 
the available alkali of the blood, are considered, and a brief referenci 
is made to methods which have been suggested for the determinatioi 
of the state of the acid-base balance. C. R. H. 

The Potassium Content of Normal and some Pathologici 
Human Bloods. Victor C. Myers and James J. Short (J. 
Biol. Chem., 1921, 48 , 83— 92).— Figures are given for the amount 
of potassium present in human serum and whole blood under 
normal and various pathological conditions. The estimations 
were made by the cobaltinitrite method, and the precautions 
essential to the success of the analysis are discussed. C. R. H. 


Calcium in the Blood of Children. W. Denis and F B. 
Talbot (Amer. J. Diseases Children, 1921, 21 , 29— 37).--By a 
modification of Lyman’s nephelometric method the following 
results, expressed in mg. of calcium per 100 o.c. of plasma, were 
obtained: normal adults, 7-2 to 12-1 (average 10); children 
(8—10 months old) suffering from acute nckcts,_^less th^ I to s, 
children (6 months to 4 years) convalescent, 4-5 to 11 *2; tetany 
cases (4 -22 months), 1 to 7-7 ; cases of convulsions without tetany, 
3-2 to 8*2; epilepsy cases, 3 t-o 9; chorea cases, 4*8 and o, 
pneumonia cases (0 months to 7-5 years), less than 2 to 1--1. in 
a number of cases the magnesium was also estimated. 

HuVAfTfiT. 


The Amount of Amino-aci^ m Blood. K, de Snoo (te 
Utrecht, 1920, 130 pp.; from Physiol. Abstr l^^l 6, 368). ihe 
amount of nitrogen due to amino-acids m human blood is, on j 
average, 6-8 mg. per 100 c.c. This amount increases after a protem 
meal,ls also does the amino-acid content of the urme. .| 

of amino-acids probably cease,s six hours after a meat Driai 
of the variation of the amino-acid content of the blood m o^ase^s 
certain diseases are given. 

Colorimetric Experiments on Tryptophan. V. The Pro- 
teins of Immune Sera and them Trjjitophan Content 0^^ 

Furth and Fritz Lieben [Biochem. Zeitsch., 1921, ■ , 

236), Sera from horses immunised against diphtheria, ay 
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and tetanus showed an increased content of sera protein due to 
increase in the i/>-globulin fraction. The content of tr\'ptophan 
in each fraction was, however, normal. H. K. 

photosynthetic Processes in the Air, upon the Laud, and 
in the Sea in Relation to the Origin and Continuance of 
Lde on the Earth. Hugo Muller Lecture, delivered before the 
Chemical Society on June 16th, 1921. Benj.4.viis JIooke (T., 1921, 
119, 1555 — 1572). 

Dietary Factors influencing Calcium Assimilation. I. 
The Comparative Influence of Green and Dried Plant Tissue, 
Cabbage, Orange Juice, and Cod-liver Oil on Calcium 
Assimilation. E. B. Hakt, H. Steesbock, and C. A. Hoppekt 
{J. Biol. Chem., 1921, 48, 33 — 50). — The calcium balance of dry 
and lactating goats is positive on a diet of green oats and negative 
on one of dry oat straw. It is therefore concluded that the former 
diet contains a dietary factor which facilitates calcium assimilation. 
ITic same factor is present in cod-liver oil but absent in raw or 
dried cabbage. Experiment.s with orange juice did not lead to 
consistent results (of. also Stecnbock and Hart, A., 1913, i, 550 ; 
lleigs, Blatherwick, and Cary, A., 1920, i, 203). E. S. 

The Behaviour of the Residual Nitrogen of Egg-white 
and of Yolk on Ineuhation. Masaji To.mita {Biockem. Zeitsch., 
1921 116, 12 — 14). — After removal of all substances precipitablo 
by boiling dilute acetic acid and by tannic acid solution, the author 
determined the total residual nitrogen in the liltrate by Kjeldahl’s 
method, the nitrogen in the fraction still precipitable by phospho- 
tungstio acid by Kjeldahl’s method, and the amino-nitrogon in 
the final filtrate by van Slyke’s method. Fresh eggs contain very 
little residual nitrogen or amino-nitrogon, but as incubation proceeds 
there is a steady increase of residual nitrogen up to fourteen days, 

H. K, 

Behaviour of Dextrose added to the White of Eggs during 
Incubation. Masaji Tomita {Bioche.m. Zeitsch., 1921, 116, 
22—27). — The normal content of dextrose in eggs after three days’ 
incubation is 0-43% in the egg-white and 0-2% in the yolk. Addi- 
tion of dextrose to the white of fresh eggs followed by incubation 
for three days causes a marked di.sappearance of dextro.se from 
the egg-white, but not from the yolk. Dextrose appears therefore 
to be a source of the lactic acid produced. H. K. 

The Formation of d-Lactic Acid in the Animal Organism. 

M.4SAJI Tomita (Biochem. Zeitsch., 1921, 116, 1 — 11). — Quantitative 
Speriments on eggs show that the d-lactic acid content is very 
®iaU and of the order 0‘006% in egg-white and 0’01% in the yolk. 
The lactic acid content of unfertilised is less than that of fertilised 
and, as incubation proceeds, the lactic acid reaches its maxi- 
on the fifth day and becomes very small at the end of a 
foifnight. H, K. 
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The Influence of the Addition of Dextrose and Alanine to 
Egg-white on the Formation of <J-Lactic Acid during Incu- 
bation. Masaji Tomita (Biochem. Zeitsch., 1921, 116, 15—21).-, 
Dextrose and alanine were separately added to the white of an egg 
and the egg incubated for three days. Alanine had no marked 
effect on the lactic acid content of egg-white or yolk, but dextrose 
produced an increase in the lactic acid content of egg-white somewhat 
less than 100%. H. K. 


The Formation of Sarcolactic Acid in the Animal Organism, 
The Formation of d-Lactic Acid by the Autolysis of Hen’s Eggs, 
Masaji 'Iomita (Biochem. Zeitsch., 1921, 116, 28—39). — The lactic 
acid content of egg-white undergoing autolysis is independent of 
time, but that of the yolk increases considerably and eventually 
falls off. If dextrose is added to yolk, the lactic acid shows an 
enormous increase, whilst that of the egg-white is unchanged, 
Alanine has no effect in either case. During autolysis, an enzyme 
present in the yolk, but not in the egg-white, has the power of 
converting dextrose into lactic acid. H. K. 


Chemical Composition of the Egg-shell of the Silkworm 
Moth. Mas.aji Tomita (Biochem. Zeitsch., 1921, 116, 40—47),— 
The egg-shell of the silkworm moth is composed of protein and 
not of chitin. On hydrolysis mth acids and separation of the 
amino-’aoids by the standard methods, 40% of the constituent 
amino-acids was isolated. Glycine, 13-7%, and tyrosine, ll’2“'j, 
were present in the largest proportion. H. K, 


Can the Chloridion of Ringer Solution be Replaced by 
other Ions with the beating Frog’s Heart ? E. R. 0. Fixckh 
(Biochem. Zeitsch., 1921, 116, 262— 265).— An isolated frog’s heart 
continues to beat when all chloridion is replaced by bromidion. 
The substitution by the iodide ion or by the nitrate ion exerts a 
harmful effect owing to formation of iodine or nitrite. H. K. 


Conditions for the Precipitation of the Wassermanu 
Reaction Antigen (Heart Extract). Rudoi.e Mulljsk (Biochm. 
Zeitsch., 1921, 116, 215— 223).— When an alcoholic extract of 
ox-heart is added to sodium chloride solutions of various con- 
centrations, a colloidal solution is primarily obtained, 
addition of the alcoholic solution leading to precipitation. IM 
higher the initial conct itration of the saline solution the smaller 
the quantity of the alcoholic heart-extract necessary to produce 
precipitation. 

The Selective Absorption of Potassium by Animal Cells. 
I. Conditions ControUii^ Absorption and Retention 
Potassium. Philip H. Mitcheij. and J. Walter 
(J. gen. Physiol, 1921, 4, 45— 56).— The potassium content ot rur 
muscles of frogs decreases by 8 to 15% during perfusion , 
potassium-free Ringer solution, but this loss may be ^ I 
to the presence of a potasslum-frce medium. There is no a i 
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loss pots^ssium if the muscle is stimulated duiing the perfusion, 
but a 1 °®® occurs if stimulation is carried so far as to cause 
loss rf irritability. Probably this is connected with the fact that 
j contracting muscle more readily takes up rubidium and caesium 
than a resting one. W. 0. K. 

Chemical and Physical Properties of Muscle and Muscle 
Extracts. VII. Fats, Cholesterol, and Lipoids in the Extract 
jrom Striped Muscle of Dogs. G. Quagliariello (Arch, 
intemat. Physiol., 16, 239 — 250; from Chem. Zentr., 1921, iii, 
558 ),— The extract was obtained from the muscle of fasting dogs, 
using a Buchner press. After separation of fat by centrifuging, 
the extract was warmed with an equal volume of 1 % sodium 
chloride for thirty minutes at 45° and then placed in an ice-ehest 
for twenty-four hours, whereby myosin separated in granular 
form. This was removed by centrifuging and the myoprotein 
remaining in solution separated by coagulation. The myosin was 
examined quantitatively for ash, total nitrogen, total fatty acids, 
unsaponifiable fat (cholesterol), and lipoid phosphorus. In the 
case of the myoprotein, total nitrogen, total acid, and cliolesterol 
were estimated. , 0 f the total fatty acids and cholesterol in the 
fat-free extract, 90% occurred iii the myosin granules. Of the 
fatty acids in myosin, half is associated with phospholipoids. The 
author concludes that the myosin granules (and consequently the 
fibrilla!) consist of lipoid substances, although no constant relation- 
ship was found between the total nitrogen and the total fatty 
acids of the myosin granules, as might be expected from this 
hj-pothesis (cf. A., 1913, i, 1132). G. W. R, 

Do Subminimal Stimuli influence the Course of Chemical 
Changes in Muscle ? Jakob K. Pae-xas and Emilia Laska- 
Ifaiz (Biochem. Zeitsek, 1921, 116, 59 — 70). — Contrary to the 
findings of Heidenliain and Gottsehlieh (Pjliiger's Archiv, 1894, 
56, 355), the subminimal stimulation of frog’s muscle failed to 
produce any increase in the normal lactic acid content or in the 
degree of acidity. The lactic acid was estimated by Parnas’s 
modification of the method of von Fiirth and Gharnass (Zentr. 
Hpiol, 1910, 30, 1), an important simplification being the extrac- 
tion of the lactic acid by grinding the mu.sele with quartz sand and 
saturated ammonium sulphate at —10°. H. K. 

Carbohydrate Metabolism of Isolated Amphibian Muscle. 
JiKOB K, Paenas (Biochem. Zeitsek, 1921, 116, 71—88; cf. A., 
1914 , i, 772). — Details are given for the estimation of the carbo- 
liydrate content of 0-5 to 1-6 grams of muscle. Using this method, 
the author has investigated the relation between the carbohydrate 
consumption of muscle stimulated to maximum contraction several 
tuousand times and the work done by it. The efficiency of the 
|4;^cnemius is 35% and the sartorius 50%. The latter value 
*Sr?es with that found by Hill (Ergebnisse Physiol., 1916, 15, 341). 

H. K. 
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The Carbohydrate Metabolism oi Isolated Amphibian 
Muscle. The Exchange in the Muscle of Pancreas-diabetic 
Animals. Jakob K. Parnas {Biochem. Zeitsch., 1921, 11$ 
89—101 ; cf. A., 1914, i, 772).— Experimental glycosuria was pro! 
duced by removal of the pancreas from water-frogs. The carbo- 
hydrate consumption of the resting muscle and the amount of 
lactic acid formed in resting muscle and in heat-rigor muscle was 
the same as that of normal muscle. The same applies under 
anaerobic conditions. The oxygen consumption of the muscle of 
the pancreas-free frog was the same as that of normal muscle, 
but the mechanical efficiency was somewhat less. The metabolism 
of the muscles of diabetic animals is thus identical with that of 
normal muscle. H. K. 


Mechanical Efficiency of the Combustion Processes occur- 
ring in Isolated Amphibian Muscle. Jakob K. Parsas 
(Biochem. Zeitsch., 1921 , 116, 102— 107).— By means of an apparatus 
which is pictured and fully described, the oxygen consumption of 
the gastrocnemius muscle of the frog, whilst undergoing a great 
number of contractions, was measured over a period of several 
hours. The work done by the muscle compared with that calcu- 
lated from the oxygen consumption showed a mechanical efficiency 
of 44%. This agrees closely with the efficiency determined from 
the consumption of carbohydrate by the sartorious muscle. The 
only source of energy in isolated muscle is therefore the carbo- 
hydrate. H. K. 


Proteins of the Muscle of Haliotis gif/antea, Gmelin. Eiui 
Takahashi (J. Chem. Soc. Japan, 1921, 42, 537 — 545).— Crushed 
pieces of the muscle of the ear-shell, Haliotis gigantea, were boiled 
with water, the insoluble part was treated with alcohol and ether 
and dried ; it contained water 4-02%, ash 6-40%, and total nitrogen 
14-236%. One hundred and twenty grams of the dried sample 
were hydrolysed by boiling with 360 grams of 25% sulphuric acid 
during ten hours and the following monoamino- and diamino-acids 
were isolated (in grams) : cystine -1'3, tyrosine 5-6, glutamic acid 
12-4, alanine 1-2, leucine 18*0, prolinc 2-7, serine 2*3, aspartic 
acid 3-8, arginine 6-4, hystidine 0-4, and lysine 3-4 grams. Glycine 
was not present, and the presence of phenylalanine and valine is 
doubtful. K. K. 


The Distribution of Urea in the Organism. K. L. G-is- 
-Andresbn (Biochem. Zeitsch., 1921, 116, 266 — 302). — A coniplete 
study of the amount of urea in the various parts of the body. 
The distribution coefficient of urea bdtw'een plasma and corpuscles 
and between Ringer solution and corpuscles is between 0-^ an 
0-8. Between plasma and the various secretions the coefficM 
is unity, whilst between plasma and water-free fat it is f 

concentration of urea is the same in aU tissues and in the bloc , 
with the exception of the fatty tissues. The concentration c 
ammonia is the same in the blood, the secretions, and the vanous 
organs. 
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The Metabolism oi Amphibian Larvae. Jakob K. Paenas 

andZoflA Krasinska (fiiocAem. Zeitsch., 1921, 116 , 108—137). 

The oxygen consumption of the larvse of frogs was determined 
from the moment of fertilisation and on through the early stages 
of growth. The influence of the proportion of oxygen, and of the 
presence of urethane, was also investigated. In general, over 
the whole period of growth there is a progressive increased con- 
sumption of oxygen, although over short periods of evolution of 
the larvm the oxygen consumption may be constant. The paper ' 
is fully illustrated by graphs and figures. H. K. 

The Fat of Cdballus equus. A. Heiddschka and A. Stein- 
stcK (J. pr- Chem., 1921, 102 , 241— 266).— The material under 
investigation was a mixed product obtained from the various fatty 
tissues of the horse; it had m. p. 32-3°, Jis 0-9224, 0-9135 

,i« 1-4617, acid value, 2-62, saponification value, 203-95, Reichert- 
Meissl value, 0-417, Polon.ske value, 0-375, iodine value, 75-17, 
acetyl value, 14-02, sajwnification value after acetylation, 6-93. 

The liquid fatty acids contain, in addition to oleic acid, 7-34% 
of linolio acid and 1-61% of hnolenic acid. Faxnsteiner found 
9-9% of linolio acid, but the difference is explained by the fact that 
he calculated the content from the iodine value of the unsaturated 
acids obtained from the kidney fat, whereas the author employed 
an average sample of the total fat. Vairentrapp’s method for the 
separation of the solid and liquid acids does not give exact values ; 
better results are obtained by the precipitation of an ethereal 
solution of the total fatty acids with alcoholic lead acetate solution. 

The solid tatty acid does not consist of heptadccoio acid, but of 
a mixture of palmitic and stearic acids; this result is confu-med by 
three independent methods of analysis. 

The total fatty acids arc composed of linolenic acid 1-69% 
linolic acid, 9-68%, oleic acid, 55-24%, stearic acid 6-82%, palmitic 
acid 29-47%. In addition, 0-426% of unsaponifiable matter, 
mainly cholesterol, is present. H. W. 

Glycerides of Goose Fat. Coxrad A-Mberoer and Karl 
Bbomig {Pharm. Zentr.-h., 1921, 62 , 547— 548).— Goose fat 
when kept for some tiine deposits about 15% of solid fat (iodine 
number, 52-5) containing a-stearodipalmitin, m. p. 57-4°, and 
P-5tearodipalmitin, m. p. 63-0°; 100 c.c. of ether at 15° dissolve 
1'32 grams of the foruicr and 0-90 gram of the latter. The liquid 
portion of the fat (iodine number 77-0) con-sists chiefly of triolein, 
and both solid and liquid portions contain a quantity of oleodinal- 
mtin, m. p. 33-5°. -W. P. ^ 

Chemical Investigation of Mutton-bird Oil. I. C. L. Carter 
j Hdc. Chem. I-nd., 1921,40, 220t). — M utton-bird oil is extracted 
mm the stomach of an Australian petrel, Aeslrelata lessoni. It 
esembles sperm oil very closely in its physical and chemical 
p operties. The alcohols obtained by saponification of the oil 
nsist chiefly of cetyl alcohol, and the greater portion of the mixed 
y acids consists of oleic acid. Tliere is evidence of the presence 
acids of the linolic or linolenic series. W. G. 
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Chemical Study of (I), certain Pacific Coast Pishes ; (jb 
the California Sardine {Sardinia ccetrulea). D. B. Dill (J 
Bid. Chem., 1921, 48, 73 — 82, 93 — 103). — Large variations 
found in the fat content of the fishes studied. These variations 
could not, usually, be correlated with any other factor, althoush 
in many oases the maximum fat content was found in the smnmn, 
months. E. S. 

Formation and Excretion of Hippuric Acid in Man. i 
Snapper {Nederl. Tidschr. Geneesk., 1920, 65, 3044; from Physiii 
Abstr., 1921, 6, 377). — Hippuric acid in amounts up to 300 mg 
daily was found in the urine of persons on a milk diet. The soui^ 
of the benzoic acid necessary for its formation is probably phenyl, 
alanine, produced by the dige.stion of proteins. In men -svith normal 
kidneys, 5 grams of sodium benzoate were almost oompleteh 
excreted in the form of hippuric acid within twelve hours. Froi 
a study of certain pathological cases the conclusion is drawn that 
the glycine depot of the body is not dependent on the bile secretion 

E. S. ’ 

Amino-nitrogen in the Urine as indicated by the Formol 
Method. C. Ciacco {Arch. sci. mcd., 1920, 43, 177— 181).— The 
author considers that the amino-nitrogen indicated by the formol 
method in urine is not present in the form of simple amino-acids, 
but as more or le.ss complex polypeptides. The discordant results 
commonly obtained are thus explained, since polypeptides are 
partly precipitated by salts of heavy metals or by phosphotuiigstic 
acid. In order to study the elimination of the more or les.s eoiuples 
protein fragments in various pathological conditions, it is suggested 
that the formol method should be applied (a) after hydrolysis ol 
the urine without any preliminary treatment, (6) after treatment 
with tannin and lead acetate, or with mercuric acetate, and (c) after 
hydrolysis of the filtrate obtained by precipitation with these 
substances. Chemical ABSTK.acTS. 

The Local Anesthetic Properties of BenzoylcarbinoL 
A. M. Hjoet and C. E. Kacpmann {Ptoc. Soc. Exp. Biol. MA, 
1920, 17, 79 — 80). — Benzoylcarbinol possesses local anmsthetic 
properties which in general are superior to those of benzyl alcohol, 
i-methylbenzyl alcohol, or phenylethyl alcohol. Benzoylcarbinol 
is less irritant to the body-tissues than these compounds, and is 
the most stable of the scries. Its solubihty in water is sufficient to 
make it a practicable h cal ansesthetic. Chemical Abstracts. 

Methylation in the Animal Organism. I. Methylation 
of Pyridine in the Organism of the Rabbit. Masaji Tojiiw 
{Biochem. Zeitsch., 1921, 116, 48— 54).— Contrary to the findings 
of Abderhalden and his co-workers, rabbits on various diets can 
convert pyridine to a small extent into methylpyridine, which was 
isolated as the platinum salt. H. h- 

Methylation in the Animal Organism. 11. The Site of 
the Methylation of Pyridine in the Animal Organism. Mas ' 
Tomita {Biochem. Zeitsch., 1921, 116, 53— 58).— Extirpation oi 
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the spleen or pancreas in frogs has po influence on the production 
of methylpyridine, whilst removal of the liver completely inhibits 
it, In dogs, removal of the testicles or spleen has no influence on 
the production of methylpyrridine. The mcthylation is assumed 
to take place in the liver, but experiments with isolated organs 
have not so far been successful. H. K. 

Biological Action of Proteinogenous Amines. A Con- 
tribution to the Question of the Acetonitrile Reaction. 0. 

ffuTH {Biochem. Zeitsch., 1921, 116, 237— 245).— Hunt (A., 1905, 
ii^ 847) showed that the toxicity to mice of acetonitrile Ls greatly 
diminished by previous administration of thyroid substance. The 
author finds that tyramine and di-iodotyramine can likewise 
protect mice against acetonitrile. Hi.stamine is, however, without 
action. H. K. 

The Toxicity of Acids to Infusoria. 11. and III. M.E. Collett 
IJ. Exp. Zool, 1921, 34, No. I ; from Physiol. Abstr., 1921, 6, 
353, .354).— 11. The addition of hy^oehloric acid to solutions of 
organic acids does not yield conclusive evidence as to the toxicity 
of the molecule. Mixtures of certain acids (formic, acetic, butyric, 
raleric, benzoic, salicylic, with Paramcecium and Euplotes, and 
citric with Euplotes only) with their sodium salts are more toxic 
than can be accounted for by the P„ of the mixture or the toxicity 
of the salts. This scorns to indicate that the molecules of these 
acids are in themselves toxic. There is no evidence of toxicity 
of the anion or the molecule in lactic, succinic, or tartartic acid 
at the concentrations used. The relative toxicity of 0'01.1/-solu- 
tioiis of the sodium salts is as follows : Paramoeciiim— salicylate, 
benzoate, tartrate, succinate, citrate, formate, acetate, butyrate, 
valerate, chloride, lactate; Euplotes— citrate, salicylate, benzoate, 
tartrate, succinate, formate, chloride, acetate, butyrate, valerate, 
lactate. 

III. Length of life in solutions of various acids is extended by 
the addition of inorganic chlorides. The acids te.sted fall into 
two groups : the first includes hydrochloric, formic, acetic, succinic, 
lactic, tartaric, citric ; the second butyric, hexoic, benzoic, salicylic, 
phenylacetic. The relative antagonistic power of the chlorides is 
set ont. Sodium chloride increases the antagonistic power of 
rarium and magnesium chlorides against all acids, but that of 
calcium and strontium chlorides only against acids of the second 
group. The action of the salts is probably double. Each has 
some influence on phase reversal, and thus on the rate of penetra- 
Bn of the acid ; and each also stabilises the cell colloids against 
We swelling or coagulativc action of the H-ion. K. S. 
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Fermentation Process for the Production of Acetone, 
Alcohol, and Volatile Acids from Maize Cobs. W H. Fetes. 
SON E. B. Fred, and J. H. Vebhui.st (J. Jrd. Eny. Ckm., 192], 

13 757 759). — When maize cobs are heated under a pressure of 

20 ’lb. T>er square inch with about four times their weight of water 
and 8% of their weight of sulphuric acid, they yield from 25 to 30°^ 
of reducing sugars, chiefly xylose. The crude xylose s^up obtained 
is fermented readily and almo.st completely by Bmllm ncm. 
ahylicum; 100 lb. of maize cobs yield 2-7 lb. of acetone 6.8 H, 
of alcohol, and 3-4 lb. of formic and acetic acids. During the lei. 
mentation an excess of calcium carbonate must be present to 
neutralise, the acids a.s they are formed. VV. F. b. 

The Manufacture of Nitrates by the Biochemical Oxidat™ 
of Ammonia. E. Bopllanoer (Ann h^t. Pasteur, 1921, 3 

575 5(32). A description of large-scale laboratory experiments 

designed to determine the best conditions for the preparation ol 
nitrites by the biochemical oxidation of ammonium salts in .* 
tions percolating through peat or some other matenal dtarged 

'"'in Ihf frst SS^To' 25% solution of ammonium sulphatt 
should be used percolating at the rate of 20^0 ® pa 

metre of peat per day. When the organisms have spread thr u ho 
the mass, this amount may be gradually increased to 200 lure, o 
0-7.5% solution. The presence of nitrates at the commencement 
checks the multiplication of the nitrifying organisras Later on, 
ammonium nitrate, obtained by the ^ “'“J 

nitrate previou.sly formed and ammonium ^ 

It is nreterablc to pass the solution repeatedly through the .am 
peat a^fter adding each time a fresh amount of ammonium mtrafe 
Ind hi thirivay it is possible to bring the concentration o t 
calcium nitrate^up to 120 grams per htre without harm d 

“SX'a^tdWousl^^ 

soori® as supports of the nitrifleation. 

The Decompodtiu 1 of Pyruvic Arid 
T. Nagayama (BioeUm. Zettsch., 1921, 11^ )■ prodwtioi 

of moulds were able to increased b; 

of acetaldehyde. The proportiori of the latter was ^ 

addition of sodium or calcium sulphite. 

Efiect of Salt Proportions and Concentrations on 
Growth of Aspergillus niger. C. M. Hae^'SeleM 
1921, 8, 147-107).-When “^Xte, calcium 

solutions containing potassium A Jfl concentration 

nitrate, and magnesium sulphate, increase in the total 
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o£ solutio'is containing the same proportions of salts produces a 
correspoiKiing increase in yield. The yield is approximately pro- 
portional to the amount of nitrate present in the culture, although 
the concentrations of the other two salts can be varied 
ivithin wide limits without affecting the yields. Calcium nitrate 
is preferable to sodium nitrate as a source of nitrogen. In cultures 
flith constant proportions of salts and total salt-concentrations, but 
ivitli sugar-concentrations varying between 1 and 8 atmospheres, 
(be yields of fungus are very nearly proportional to the sugar- 
concentrations of the cultures. Chemical Abstracts. 

Influence of Temperature on the Utilisation of Dextrose 
in the Development of Aspergillus niger. Emile F. Terroinb 
and Rene Wurmser {Com.pl. rend., 1921, 173, 482-^83).— For 
a given medium, the ratio of dry weight of mycelium formed to 
dextrose consumed in the growth of Aspergillus niger is independent 
of the temperature over the range 22° to 38°. W. G, 

Formation of Vitamin -A in Living Plant - tissues, 

Katharine Hope Coward and Jack Cecil Drummond {Biochem. 
./., 1921, 15, 530 — 539). — Dried seeds are generally deficient in 
vitamin--!, and, unlike that of the anti-scorbutic vitamin, the 
amount is not increased on germination. The formation of 
vitamin-d is closely dependent on the presence of chlorophyll; 
it is formed in green leaves from inorganic salts in water-culturesi 
but not in etiolated leaves or in mushrooms. Vitamin-A is appar- 
eiitlj’ not associated with proteins, but may be removed with fat 
by solvents, and appears in the unsaponifiable fraction of the 
latter. G. B. 

The Function of Calcium in the Nutrition of Seedlings 
Rodney H. True (J. Amer. Soc. Agron., 1921, 13, 01—107).— 
.Seedlings were grown in water culture solutions under laboratory 
conditions. Injury resulted to plants grown in pure water, for 
Viter represents a partial ionic vacuum to roots and tends to 
establish an equilibrium with cell contents by the withdrawal of 
ions from the plant. Any one pair of ions will not fully overcome 
.he injurious action, but it is largely overcome by salts yielding 
Eae calcium ion ; to a less degree it is overcome by those yielding 
magnesium ions and but slightly or not at all by those carrying 
potassium or sodium ions, Calcium chloride, carbonate, and nitrate 
m most abundantly absorbed, whilst calcium sulphate is absorbed 
oy plants which grow on sandy and acid lands. An increase in 
ne number of kinds of nutrient ions present in the solution increases 
tne absorption of electrolytes. Potassium ions when offered in a 
simple solution are neglected, but when accompanied by calcium 
Calcium ions make potassium physiologically 
ai able, whilst a less striking action by potassium ions exists for 
[ 0 ucmg absorption of calcium ions. a'Vs the variety of ions 
solution is increased, the importance of rather sharply 
im, 1 relations becomes distinctly less than in 

P M solutions. The presence of a certain minimal quantity of 
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calcium ions is probably the most striking single chemical coa 
dition of the solution. Doubtless, the physiology of the cell b 
the basis for an understanding of special services performed by the 
calcium ion. Chemical Abstracts. 

Effect of Ammonium Sulphate on Plants in Nutrient 
Solutions supplied with Ferric Phosphate and Perrons 
Sulphate as Sources of Iron. Linus H. Jones and John w 
Shive (J. Agric. Res., 1921, 21, 701 — 728). — Wheat plants groffil 
in the twenty selected Tottingham solutions (cf. Physiol, 
1914, [v], 1, 133) invariably produced a mark^ decrease in the 
hydrogen-ion concentrations of the solutions. Plants grown ij 
similar solutions, in which ammonium sulphate was substituted 
for the potassium nitrate in equivalent osmotic concentrations 
invariably caused an mcrease in the hydrogen-ion concentrations 
of these solutions during the early stages of growth. 

Ferric phosphate, in the quantities used (0-83 mg. of iron pa 
litre), was not sufficiently available in the Tottingham solutions 
to supply the needs of the plants for iron, but it was readily avail 
able to the plants in the solutions containing ammonium sulphate. 
Ferrous sulphate, used in the same proportion as regard.? iron, 
was sufficiently available in the Tottingham solutions to satbfj- 
the needs of the plant for iron. The solutions containing am’, 
monium sulphate with this form of iron in quantities of more than 
O'Ol mg. of iron per litre were very toxic to the plants, the degree 
of toxicity increasing with the amount of iron added to the solutions. 

The nature of the nutrient solution with respect to the salt 
constituents and hydrogen-ion concentration appears to deter- 
mine the availability and the efficiency of a given iron salt for 
plant growth. W. G. 


Oxalic Acid Content of Young Leaves in Spring Foliage. 
Arminius B.au {Zcitsch. lechn. Biol., 1921, 8, 151 — 155; from 
Chem. Zenlr., 1921, iii, 17.5— 176).— The spring foliage of Samhum 
nigra, Cralcegus oxyacantha, Aesculxus hippomstanum, and barley 
gave small but measurable amounts of total and water-soluble 
oxalate. The total oxalate, calculated as oxalatc-ion in the dry 
matter, varied from 0-495% in the young shoots of Samhw, 
gathered in the afternoon, to 0-03% in the young leaves of barley. 
The amount of water-soluble oxalate, where estimated, was ap- 
proximately one-third of the total oxalate. In the ca.se of Satniucus, 
an increase in total oxal. te content was observed from early morning 
to late afternoon. 


The Chemical Constituents of Green Plants. XIII. On 
the Volatile Basic Substances of Green Plants. Hakiwis 
Franzen, Adole AVagner, and Artur Schneider [Btochm. 
Zeilsch., 1921, 116, 208— 214).— Out of twenty-eight plants ex 
amined all contained volatile basic substances; in the 
thirteen ammonia was identified. The amount of other 
bases is very minute, even when employing a kilo, of 
material. 
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Significance of “Lignin” Colour Reactions. Ernest C 
Crocker {J- Ird En^. CUm., 1921, 13, 625— 627).— The colour 
reaction obtained when wood is treated with phloroglucinol 
n-nitroanihne, etc., is not due to the lignin, but to the traces of 
an aldehyde which usually, it not always, accompany the lignin- 
one aldehyde, ^niferaldehyde, appears to predominate in wood' 
vanillin or furfuraldehyde occurring in small quantitv only’ 
Certain non-aldehydio substances which are known to yield colour 
reactions similar to those of “ lignin ” are shown to contain traces 
of aldehydes which are responsible for the colour formation. In 
the case of oil of cloves and oil of sassafras, the aldehyde pre.sent 
appears to be identical with that found in wood. Maule’s reaction 
(production of a red coloration when wood is treated successively 
ivith permanganate, dilute hydrochloric acid, and ammonia) is 
obtained principally with deciduous wood.s, and may afford a means 
of distinguishing these woods from coniferous woods, since the 
latter yield only a faint brown coloration. Wy p. g. 

Methods of Extracting and Concentrating Vitamins-.! 
-B, and -C, together with an Apparatus for Reducing Milk’ 
Fruit Juices, and other Fluids to a Powder without Destruc- 
tion of Vitamins. J. F. McClendon (./. Biol. Chem., 1921 47 
411-420).— The essential features of the methods are : ’ the use of 
high pressure in the extraction of vitamin-vl from dried green leaves 
or fruit skins moistened with 95% alcohol; the similar extraction, 
using 80% alcohol, of yitamin-5 from wheat germ or yeast, followed 
by the separation of resinous and lipoid material by acidification 
up to the isoeleotric point of these colloids; and the removal of 
sugar from the vitamin-/! extract and also from fruit juices con- 
taining vitarain-C by fermentation with yeast. The extracts so 
obtained are concentrated by a spray proces.s in which hot flue oases 
meet a dc.scending spray of the extract. Oxvgen is excluded from 
the flue gases by regulation of the combustion of the furnace. 

E. S. 


The Effect of Heat and Oxidation on the Antiscorbutic 
Vitoin. R. Adams Ddtcher, H. M. Harsiiaw, and J. S Hail 
(/. Bwl. CUm., 1921. 47, 48.3-488).-The antiscorbutic vitamin 
m orange juice resists half an hour’s boiling at 100° in a reflux 
apparatus, but is partly destroyed by hydrogen peroxide, especially 
on warming (of. Delf, A., 1920, i, 460). G. p. ^ 

crispus). II. The Occurrence of 

-1, 15, 469— 476).— The colloidal hot water extract consists of a 
-fiance more soluble in cold water and giving thick, viscous 

eXlf ""fT! calcium salt of an 

ions calcium is freely ionised. Sulphate 

ivhv present until after hydrolysis. This is 

I'yialysfe “ content of carrageen (14-G»i) cannot be reduced 

G. IB. 
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Manganese in Commonly Grown Legumes. J. S. Joses 
and D. E. Btnxis (J. Ind. Eng. Chem., 1921, 13, 524 — 525),— jjig 
following quantities of manganese, expressed as milligrams per 
Idlo of air-dried substance, were found in various leguminous 
plants: — Vetch, 42; red clover, 33; Alsike clover, 68; lucerne. 
23 ; field peas, 33 ; sweet clover, 27 ; white clover, 34. The leaves 
contained much more manganese than did the other parts of the 
plants, a fact which supports the theory that the primary function 
of the manganese is catalytic. W. P. S. 

The Presence of a Glucoside Decomposeible by Emulsin 
in Two Species of Melatnpyruni. Marc Bbidel and 
Marie Braecke {Compt. rend., 1921, 173, 414 — 416). — Mehm-pyrttm 
arvense, L., and If. pratense, L., each contain an apparently laevoro- 
tatory glucoside which is decomposed by emulsin, giving reducing 
sugars and a black, insoluble compound. It is suggested that this 
glucoside may be identical with aucubin, a glucoside found in 
Aucuha japoniea, L. W. 6. 

The Saponarin in Mniuin cuspidatmn. Axtoke Koz- 
LOWSKI {Compt. rend., 1921, 173, 429-^31). — The cellular juice of 
the stem and leaves of Mnium cuspidalum contains, in solution, n 
colourless substance which gives all the reactions of saponarin. 
Its presence could not, however, be detected in other species of 
Mnium or in other mosses. W . G. 

The Chemical Composition of Peanut Oil. Georoe S. 
Jamieson, Walter F. Baughman, and Dirk H. Brauns [ J . Amer . 
Chem. Soc., 1921, 43, 1372— 1381).— Two samples of peanut oil 
were examined, but in neither case was there any indication of the 
presence of hypogaeic acid. The compositions of the two samples 
were : — unsaponifiable matter 0'2, 0’3% ; glycerides of oleic acid, 
52-9, 60-6% ; of iinolic acid, 24-7, 21-8% ; of pahnitio acid, 8'2, 
6-3% ; of stearic acid, 6-2, 4-9% ; of arachidic acid, 4-0, 3-3%, and 
of lignoceric acid, 3T, 2-6% respectively. W. G. 

Constituents of Pelvetia Wrighlii, Yendo. Kinsuke Kond6 
{J. Chem.. Soc. Japan, 1921, 42, 537—545 ; cf . this vol., i, 387). 

The CeUulose Content of Spruce Wood. P. Klasox [Smnsh 
Pappers Tidning, 1921, ?4, 7; cf. A., 1920, i, 148).— By oontmuing 
the digestion of spruce ivood for ten to twenty days, the following 
revised analytical results were obtained ; cellulose free from 
pentosans, 53%; hemicellulose, 15%; lignin, 30%; other sub- 
stances, 2%. Chemical Abstracts. 
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Xie Luminosity oS Mercury Vapour Distilled from the Arc 
jjj a Vacuum. Norman H. Ricker (Physical Rev., 1921, 17, 193— 
g.igj.-^Considerable evidence is offered in support of Child’s con- 
tention (Phil. Mag., 1913, [vi], 26 , 906) that the afterglow in 
mercury distilled from an are is due to a recombination of positive 
and negative ions. Strutt’s work (Proc. Roy. Soc., 1918, 94, [4], 
88) was repeated and oonffrmed and it is shown to be not incon- 
sistent with Child’s conclusion (cf. Phil. Mag., 1919, [vi], 37, 61). 
'Ike author obtained enhanced luminosity by heating the mercury 
liode. The luminous vapour passed through a hollow nickel 
jode into a heated tube containing two or more grids. On charg- 
g one of the grids positively, a current flow as great as 1 ampere 
; 5 volts could be obtained. The red glow which first filled the 
ibe diminished on both sides of the grid up to a grid voltage of 
after which it was replaced by a blue glow. The change in 
ilour was found to be caused merely by a relative change in 
itensity of certain lines in the mercury spectrum. On charging 
grid negatively, the luminosity upstream is not diminished even 
1 300 volts and downstream but slightly. The current is a small 
art of an ampere and never reaches saturation ; so that quenching 
far from complete. A jet of mercury vapour sent into the 
iminous stream serves merely to dilute the light. The vapour 
elocity was determined by applying a high-frequency voltage to 
ne grid with a stroboscopic wheel so that the luminosity appeared 
1 puffs which could be accurately observed. The velocity was 
740 cm. per sec. Then from the rate of distillation the vapour 
bnsity was calculated and shown to be essentially constant along 
he tube. The rate of decay of luminosity was observed with a 
futting polarisation photometer and compared with formulae 
lerived on three assumptions : (1) that the positive ion.s emit light 
pontaneously and not continuously ; (2) that the light is produced 
luring recombination of positive and negative ions, and (3) that 
ight is continuously emitted by positive ions. Formula 2 fitted 
the observed decay better than 1, each having but one arbitrary 
eonstant; but formula 3 'with two arbitrary constants would fit 
almost any set of data ; so it is impo.ssible to decide in its case. 
-Ill the facts observed support Child’s claim that the liglit is caused 
tj recombination of ions. Chemical Abstracts. 

Vacuum Spark Spectra in the Extreme Ultra-violet of 
Carbon, Iron, and Nickel. R. A. Millikan, I. S. Bowen, and 
R A. Sawyer (Astrophys. J., 1921, 53 , 150 — 160; cf. this vol., 
3, 363). — By using a specially ruled grating containing 500 to 
1100 lines per mm., the intensities and wave-lengths {±0-2 A.) 
If 37 (\ 360 — \ 1931), of 200 lines due to iron 

r ‘’1~A 2153), and of 76 lines due to nickel (A 731 — A 1860) have 
ten measured. Chemical Abstracts. 

VOL, oxx. ii. 23 
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Intensity Differences in Furnace and Arc among the Com 
ponent Series in Band Spectra. Arthur S, King (AsfroBi,,' 
J., 1921, 53, 161 — 164). — Under high dispersion, the dj series of 
lines in the cyanogen band at A 3883 is enhanced over the d . seric 
in the furnace as compared with their behaviour in the arc. 
new doublets appeared in the furnace. The two series appear to 
belong to different temperature classes and may be expected to 
differ in other charactcristic.s. The cyanogen band at A f-ifij 
showed similar differences between furnace and arc. In the 8»aii 
band at A ul65 the triplet series is enhanced in the furnace spectrni 
with reference to the adjacent doublet series. The bearing of tlies 
data on atomic structure is pointed out. Chemicat, Abstr.icts 

Obliteration of the Characteristic Spectra of Metals b 
certain Gases. George E. Gibson and W. Ai,bert Koye; 
jun. (J. Amu. Chem. Soc., 1921, 43, T25.5 — 1261).— When sodiuii 
chloride is melted below a spark gap in oxygen and sparks an 
passed they are brilliant j'ellow in colour and show the I) Hm, 
distinctly, but if the o.xygen i.s displaced by chlorine the .spar! 
becomes pale blue and only the merest trace of the D line can In 
observed, and it is fnrfher noticed that the spark pas.ses with grcal 
difficulty. Similar experiments were made with a number of gase 
using sodium, thallium, and mercury salts and it was found tliai 
of fliii'ly-seven gases and vapours examined twenty-three oblitfr 
ated the characteristic lines of the salts used. .In approximafi 
measure of the sparking potential was also obtained by placing a 
parallel spark gap outside the apparatus and varying this until 
the spark just failed to pass across it. Vapours of carbon di.suIpliMe, 
sulphur, carbon tetrachloride, sulphur dichloride, arsenic, iodine, 
stannic chloride, bromine, chlorine, nitrogen dioxide, boron tri- 
chloride, phosphorus trichloride, arsenic trichloride, silicon tetra- 
chloride, titanium tetrachloride, arsenious oxide, sulphur trioside, 
acetylene, sulphur dioxide, selenium, phosphorus, hydrogen iodide, 
and ferric chloride obliterate the characteristic spectrum, wtiila 
nitric oxide, carbon monoxide, hydrogen sulphide, oxygen, nitrogfii, 
hydrogen, carbon dioxide, ammonia, mercury, hydrogen chloiidf, 
hydi’ogen bromide, thallous chloride, and mercuric chloride do not 
affect the spectrum. The gase-s which exert the obliterating pomr 
have also a high sparking potential, and in the main are the gasoi 
which, on Lewis’s theory of molecular structure, are to be expeotod 
to hax'e the power of combining readily with electrons or to dis- 
sociate in the spark into gases of this character. The parallelism 
between high sparking potential and power to obliterate ttio 
spectrum lines is explained on the assumption that the molecules 
of gases which have the.se two properties unite with free electrons 
to form ions of larger mass which are incapable of producint 
further ionisation. J. f’- “- 

Induction Spectrum of Rubidium. Louis D unoyer {Comfi 
rend., 1921, 173, 472 — 474).— Using the method previously appW 
to Cffisium (this vol., ii, 529), the author has obtained an iiiducdc* 
spectrum of rubidium showing 332 lines between A=2291 an® 
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. The principal rays and their intensities are tabulated 
ill the ongma . Most of the intense rays have been found in the 
spark spectrum by Exner and Haschek, but some of the rays of 
the .spark spectrum do not appear in the induction .spectrum 

W. G. 

The R61e of Electrical Actions in the Emission and Appear- 
ance of certain Types of Rays m the Spectrum of Magnesium 

A._DE Gkamont and G. A. Hemsalech (Compt. rend., 1921, 173 ' 
5().j-oll). The authors have extended their work on the appear- 
ance of spark rys of lead and tin in the electric are (cf. ibid iqoi 
173, 278) to the ease of magnesium. Details are given of the 
variation in the lines produced by changing the conditions under 
ivhich the 3pa,rk or arc i.s maintained. The arc was struck between 
magnesium electrodes under glyoerol, petroleum, and water and 
sparks were passed in hydrogen, oxygen, coal gas, and nitrogen 
1 he emission of sjmrk rays by the arc, under liquid layers, is inde- 
pendent of the nature and conductivity of the liquid. The emission 
of these rays IS apparently regulated by electrical forces, and their 
sudden cessation corresponds with a certain critical value of the 
dectneal forcas below which their emission cannot be sustained 
ihe remarkable syrametrroal broadening of the spark ray, as well 
as the broademng toward., the red of the rays of the Rydberg 
,«nes durnig the first phase of the arc, i.s a manifestation of tlii 

MSrK GII6CXii 

Fine Structure of B^d Spectra. E. Gei.rcke and L C 

STbi 1””' y ® «05-608).-The structure 

the band qieetra of magnesium, mercury, and carbon lias been 
investigated. As source of light, the arcs of the substances in a 
vacuum were used, the light from the arc fell on a plane parallel 
a mterfcrencc bands, in the Lme inaiiner 

; inployed by GaUi and horstling (Phjsikal. ZeiMi., 1917, 18 
JO) tore projected on the .slit of a jirism spectrograph In the 
of nupesmm, the lines XA oo29 and 4703 were seen very 
,diarp y whilst AA .7184, 5173, 5167, and 4352 and the greeTtrS 

I ua ^'lercury showld the ifnes 

3o 4348 434a 4078, 4047, and'three exteLed series of lin 
ith the limiting line at AA 4396, 4218, and 4017 respcctivelv 
rlion shows the heads of the bands much less sliarply^thau the 
i ® Interference is, however, shown by the heads of 

«bon bands, particularly at AA 4210 and 4197. ^ The distance 
"een two interference maxima corresponds with (M(i A.U. in 
^ and O-io A.U. in the violet. J F S 

ienvfl, ’ O. ’ measurements of the wave- 

anlotit” t ordinary lead and lead from 

* fe011±0-0008 A.U. The lUfferenoe 

hundred times that expected on Bohr’s theory if the 

23—2 
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difference is calculated in the same manner as that between the 
Balmer lines of hydrogen and the enhanced helium hues. J. E. P. 

The Variation with Temperature of the Electric-furnace 
Spectrum of Manganese. Aethuk S. King {Mrop%y>. j 

1921 53 133 liS)- — The spectrum produced in the tube resistance 

furnace at 1700°, 2000°, and 2400° was examined from \ 2795 to 
X 8200 but no lines were found beyond X bSUO. the relative 
intensities of the Unes in the arc spectrum and in the furnace spectra 
at the different temperatures are tabulated, and the temperature 
classification of the lines is given. Some lines were observed at 
1560° • the triplet X 4031 to 4035 was strong and well reversed at 
this temperature. As with other furnace spectra, the ultra-violet 
wave-lenrth limit is shorter the higher the temperature. None of 
Lockvers enhanced lines occurs in the furnace. The behaviour 
of various types of lines is given in detail. Of special interest is 
the triplet 4 X 2800, which is always reversed, and the one at 
X 4033 the intensity of which depends 
present. 

Symmetrical Coupled Groups of Lines in t^Iroa 
Spectrum. E. Gehrcke {Ann. Physnk, 1921, 65, 640-642].- 
A*^theoretical paper in which the author describes a number ol 
regularities in the violet end of the iron spectrum which are visible 
in the photographs recently pubUshed by Glaser (Ann. Oewtrku. 
BauwJen, 1921; 88, 32). It is shown that six groups of lines 
exist which both with regard to position and mtimsity of the com- 
ponents are symmetrical about a middle point. These are a group 
of six Unes, with its centre at X 4221 A.U., a group of fourtem 
Unes with tile centre at X 4215, a group of six lines with the cento 
at X 4193-3 a group of ten Unes with the centre at 4195 o, a group 
of nine hues with tL centre at X 4235, and a group of sixteen bn. 
with the centre at X 4199-3. These 

pendent of one another, for it is shown that the two extem 

ramponents of the first-named group and the 

also belong to the second group, bimilar coupled symmcM 

groups have also been observed in the spectra of tungs 

molybdenum. It is suggested that a Zf 7“ 

effect on account of the magnetic or electric field of the ato 

itlu is responsible for the 

of the twenty-six eientrons on the surface of the atom cua.^,, 
its position due to the action of the field. 

Influence of Elevated Temperature 
Absorption Spectra of lodme Vapou ^^ The influeno 

J. Pringshbim {Zeitsch.Physik.,p2.l, 5, K^tionspecte 

of elevated temperatures on the tooresoeni^e and P^ 

of iodine vapour has ^een ”ned It is shown tua^ 
colour change from green to yeUow an increase! 

of iodine vapour by raising spectrum 

absorption in the short wa^ve-length region of the band sp 
the su^perfioially quite similar change which is observ y 
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raising temperature is brought about by a decreased primary 
absorption and consequent reduced' fluorescence in the correspond- 
ing spectrum region. The heating of iodine vapour at a constant 
density brings about, not only a displacement of the intensity in 
tPe whoio absorption spectrum, but also effects an extensive 
cliaiige in the partition of energy of the individual bands. 

J. V. S. 

Ultra-red Absorption Spectra of Solid Substances in Thin 

Layers. 0. Reinkober (Zeitsch. Physik., 1921, 5, 192 — 197), 

The ultra-red absorption spectra of the ammonium haloids have 
been measured. The method of preparing transparent layers for 
esamination consisted in subliming the substances on to thin 
plates of transparent material, such as quartz, fluorspar, and rock 
salt. The spectra have been measured up to wave-lengths of 
about 8p. The method is superior to the reflection method, 
particularly in the greater clearness of the spectra obtained. The 
following oharaoteristio frequencies have been observed : am- 
monium fluoride 3'5, 4-5, 5-0, 6-0 ?, and 0'69;4 ; ammonium chloride, 
3'24, 3'5, 4'2S, 4-95, 5-66, and 7-07p; ammonium bromide, 3-22, 
4'3, 49, 5'9, and 7'I0/»; ammonium iodide, 3’22, 4’27, 5-0?, 6 0?, 
and 7'15p. These values are claimed to be more accurate than 
the corresponding values found by the reflection method, and 
tliey contain twelve values not found by that method. J. F. S. 

Absorption Spectrum of Oxygen. J. Duclaux and P 
Jeajttet (Compt. rend., 1921, 173, 581— 583).— Using a water 
prism, the authors have studied the ultra-violet absorption spectrum 
of oxygen, between A=1900 and 2000. In addition to the seven 
hands observed by Bloch between A=1830 and 1960, they find 
an eighth belonging to the .same group which corresponds with the 
frequency formula iV=50727 — 2-8rf, where m-=l to 9, A ninth 
hand was observed but exact measurements were not made. A 
lecond group of bands similar to, but much weaker than, the first was 
jhserved in this region. The second group may be deduced from 
-lie first by a simple translation in the frequency scale, there being 
i difference of 1555 in the frequencies of corresponding rays in 
ie two groups. TV. G. 

The Calculation of the Colour of “Cyclic" Coloured 
Substances. James More (T., 1921, 119, 1654—1668). 

Tie Numerical Values of the Optical Rotations in the 
Acids. P. A. Levene {J. Biol. Chem., 1921, 48, 197- 
- -!■ A theoretical paper in which calculations are made, by 
n sons method, of the optical rotations of the different asym- 
nie nc carbon atoms iii the hexosamic acids. Using different com- 
Jiiia ions of four equations, it is shown that constant values for 
! * (’ ^ nnrbon atoms are obtained only when the combination 

0 chosm that the value for the a-carbon atom is the same for 
iins combination. The author concludes that the 

P rposition theory holds only within certain limits. E. S. 
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The Inversion of the Rotatory Power of Derivatives of 
Tartaric Acid, D, de Mali.emasn (Compt. rend., 1921, 173 
474-^77 ; of. this vol., i, 158).— Sodium hy^ogen tf- tartrate ’shmvs 
a diminution in its rotatory power when dissolved in a saturated 
solution of sodium chloride and an inversion when dissolved in a 
strong solution of calcium chloride. Similarly, calcium (i-tartratt 
shows a slight Isevorotation when dissolved in calcium chloride 
solution. Ethyl d-tartrate has its rotatory power inverted in the 
presence of calcium chloride in either aqueous or alcoholic solution. 
Contrary to the effect of calcium chloride, the presence of copper 
chloride" results in an increase in the rotatory powers of botli 
(f-tartaric and d-malic acids, both acid.s becoming more de.rtro- 
rotatory. W. G, 

Photochemical Decomposition of Silver Bromide. I. 

Rodebt Schwarz and HEiyRicn Stock {Ber., 1921, 54, [B], 2111- 
2122).— Owing to the non-availability of a suitable source of 
artificial light, the experiments deal with the behaviour of silver 
bromide toward.s daylight the intensity of which is mea,sured by 
a self-recording aetinometcr. The silver bromide is prepared by 
the slow addition of potassium bromide solution (10%) in moderate 
excess to a dilute solution of silver nitrate acidified with nitric 
acid, the solutions being gently mixed; the preparations are 
effected in red light. The silver bromide is used in three forms 
(a) a caseous, flaky modification prepared as described, ivliicli 
passes when preserved into the plastic variety (6), and (c) the 
pulverulent modification obtained by shaking (6) with water. 
The silver bromide is allowed to settle on the bottom of small 
crystallising dishes in the form of a thin, uniform film and is wadieii 
repeatedly with water until free from bromide ions. It is covered 
with water and exposed to light in an apparatus which is so arranged 
that a current of air carries the liberated bromine into an aqueoiir 
solution of potassium iodide. According to the intensity of the 
illumination, the production of bromine is noticeable at the end 
of five to fifteen mimites. The experiments were generally continued 
for about four hours, at the end of which tlie bromide had assumed 
a pale grey to brown colour ; variety {a) retains its caseous con- 
si.stency, whereas the more compact form (b) suffers a furthei 
contraction and sometimes becomes detached from the edge.-, 
whilst form (c) remains unchanged except with regard to colour. 
The elimination of br-^niine occurs with the same regularities as 
are observed in the blackening of photographic emulsions. ir 
sensitiveness of the various forms towards light diminishes 111 w 
order b — a — c. The time which is allowed for the transformation 
of form a into b is a matter of considerable importance, since t ic 
sen.sitiveness again diminishes when the form is more t.ian one 
hundred and ten hours old. The most sensitive 
obtained after eighty to ninety hours. It is probable that a gia 
change of form b into the less sensitive variety c occurs ulien ngi 
tion is avoided. Solarisation is a property of pure silver 
and is accompanied by diminished elimination of bromme. 1 
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mens of silver bromide obtained by the action of an exocs.s of 
silver nitrate on potassimn bromide do not evolve bromine when 
illuminate'!- but yield, in its place, a volatile substance which 
oxidises iodine. The phenomenon is explained on the hypothe.si.s 
that the precipitate adsorbs silver nitrate and that fission of the 
silver bromide into silver and bromine actually occurs ; the latter 
react.s with the adsorbed silver nitrate with the formation of hypo- 
bromous acid; the latter is removed by the air and oxidises the 
iodine in accordance with the equation : Ij-j-oHBrO+HjO-: 
oHIOj+oHBr. The constancy in weight which has been observed 
in silver bromide when prepared in this maimer and subjected to 
illufuinatiou is attributed to the re-formation of silver bromide 
from hypohromous acid and the liberated silver. Pre-illumination 
of silver bromide (by cautious exposure to light during precipitation) 
causes a greatly increased liberation of bromine on subsequent 
e.vposure. H. W. 

The Developing Properties of Leuco-bases of Dyes derived 
from Rosaniline. A. JjU.mjbre, L. LitMihRE, and A. Seyewetz 
{Bull. Soe. chim., 1921, [iv], 29, 829 — 83.3). — The authors, working 
with pure substances, were unable to rc]ieat Abribart’s results 
(cf. ibid., 1921, [iv], 29, 205) on the use of the ieuco-hase.s of mala- 
chite green and rosaniline as developers. They consider that his 
results were probably due to impurities in his leuco-bases. W. 6. 

The Corpuscular Spectra of the Elements. Maurice de 
Beoglir and Louis de Broglie (Compt. rend, 1921, 173, 527— 
.529).— A discussion of tin- results obtained in the corpuscular 
excitation by .Y-rays of the heavy metals, uranium, lead, and 
thorium. The bearing on the L, d/, and lY layers of electrons is 
considered. \V. (3, 

Fine Structure of Rontgen Spectra. II. L Series. Adolf 
Smek,il (ZdUcl. rhyeik., 1921, 5, 91—105; cf. this vol., ii, 202),— 
It is shown that the whole of the Rciutgen Hues attributed to the 
I spectrum of tungsten can bo brought into one general scheme, 
ivhicli demands the existence of at least five .1/ layers. The ex- 
ideme of those is rendered fairly certain by a pair of weU-definod 
lines in each ca,se. This number shows the' necessity of the deter- 
mination of the quantum condition of each electron sheath by- means 
cf three quantum numbers. The explanation of ulTered by 
Kossel {ibid., 1920, i, 119) is confirmed am! explanations are gi\'eii 
for all hitherto uninterpreted K and L lines, w hieli are iu keeping 
with the relationship, s as found in the ease of tungsten. The new- 
relationships and have 

Jeen tested and found to be in complete accord with the known 
experimental data within the limits of expxTimental error. 

J. F. S. 

Rontgen Spectra. III. M Series and 
iql of Selection. Adolf Smekal [Zcilsch. Physik., 

- 1 5, 121 12!); of. this vol., ii, 292, and preceding abstract). — 

paper supjplcmentary to txvo previous papers (loc. cit.) in which 
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definite frequency relationships are given for the M lines y and 8, amj 
in the case of the other uninterpreted M lines the most probable 
of the possible explanations is pointed out. The relationship 
M^=L^-L.^-(L^-Ly) is the only relationship giving complete 
agreement with facts, which can be found from the investigation 
of a great range of order numbers. It is shown how apparent 
difficulties in the principle of selection, as in the case of Kossel's 
arrangement of Kf, may be avoided. On the other hand, on 
account of a lack of exact relative intensity data for the whole of 
the lines, it is not jjossiblc to draw general conclusions as to the 
form of the principle of selection which holds for energy levels whicli 
are unlike hydrogen. J. F, S. 

Action oi Infra-red Rays on Phosphorescence. Macmce 
Curie (Compt. nnd., 1921, 173, 554—555; cf. this vol., ii, 233).- 
No diminution was noticed in the intensity of the radiation reflected 
from the face 110 of a cubic crystal of blende illuminated by T-rays 
after inundating the crystal with infra-red rays. VV. G, 

The Opening up of Earths Poor in Radium. Erich Ebles 
and A. J. van Rhyn {Zeitsch. ange.w. Chem., 1921, 34, 477—480; 
cf. Ebler and Bender, A., 1915, ii, 128).— A number of uranmii 
minerals, including carnotite and the uranium micas autunite and 
chalcolite, which are found in a magma of sandstone or decomposed 
granite, have been examined with the object of discovering a simple 
method of extracting the radioactive elements from the bulk of 
the inactive material. In the case of Portuguese uranium micas, 
more than forty times as much radium was found in the micaeecni 
material, separated mechanically from the ground-mass of siliceous 
material, as in the latter, but the proportion of radium to uranium 
in the mica, 1-7 X 10'’, was less than in the ground-mass, 9-8x10-;, 
the latter being greater than the theoretical value, 3-4x10', 
• This anomaly may bo explained on the assumption that part ol 
the radium has been dissolved out ol the mica by infiltration, iud 
then partly redeposited in the absorbent siliceous mass, consistiu! 
of decomposed granite and containing as much as 94*2% of SiOj. 
Experiments with normal granite show that over 607„ of the radiuu 
present is contained in the mica and hornblende, the rest in tut 
felspar, whilst the quartz is free from radium. 

More than 80% of the radium present in these minerals can bt 
obtained in the form of crude sulphate by the following method 
The powdered mineral is mixed with about an equal weigh o 
sodium or calcium chloride and calcium carbonate, and heate a 
the sintering temperature (800 — 1000°) for five or six hours m ■ 
muffle furnace. The cooled mass is powdered and extracted iiit 
dilute hydrochloric acid containing sulphuric acid and barran 
chloride. The sulphate precipitate containing the radioacti ; 
material can then be readily washed away from the coarse macn 
particles and filtered off. The weight of crude sulphates o s. 
is about 7% of the original ore. ^ This method was used *0 , 

radium from Portuguese torbemite ore containing only 4*oX /c 
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rom Colorado carnotite sandstone- containing 5-0 X 10“’% and from 
lexican pitchblende-quartzite containing 2-84x 10"’% of radium. 

E. H. R. 

Xhe Pisintegration Constant of Radium Emanation. W. 

iolHE and G. Lechneb (Zeitsch. Physik., 1921, 5, 335 — 340). — 
'he disintegration constant of radium emanation has been deter- 
jjued by comparing the emanation directly with the radium 
ireparation from which the standard solution was made. Two 
allies of A. were obtained which agreed to one per thousand, and 
ave a mean of 0-1819 day'i=2-106x lO"* sec.-i. From this the 
all life is 3-810 days. These values are about 1% greater than the 
enerally accepted Curie- Rutherford values. It is shown that in 
manation measurements the often untrustworthy standard solution 
an be dispensed with if a radium .standard and some radium 
manation are available. The once determined sensitiveness of 
lie emanation electrometer, found by means of a tube of emanation, 
lay be made the basis of measurements for a long time, if the 
•ray sensitiveness is controlled for each measurement. A table is 
ppended to the paper which gives the decay of radium emanation 
nd the formation in radium preparations which are not in 
quibbrium. J. F. S. 

Range and Ionisation of the a-Particles from Radium-6' 
nd Thorium-C. G. H. Henderson {Phil. Mag., 1921, [vi], 42, 
38—551). — The ionisation curves of Ra-6', Th-C’i and Th-C'j in air 
■ere measured, particular attention being directed to the end- 
ortions. A considerable part of each curve is approximately a 
traight line. The gradual Battening of the curve at the end of the 
inge can be accounted for by small variations in the ranges of 
idividual a-particlos, duo to probability variation in the number of 
lectrons encountered by the a-particle along its path. An " ex- 
rapokted range ” is suggested as more suitable than the usual 
lettnition, and is obtained by prolonging the straight part of the 
utre. This extrapolated range in air at is 6-592 cm. for Ra-6, 
-539 cm. for Th-6i, and 8-167 cm. for Th-C,^. A general 
qaition for the end part of the curve is sugge.sted. J . R. P, 

The Accumulation of Radioactive Substance in Ferruginous 
Spring Deposits. F. Hbneicii [Ber., 1921, 54, [fi], 1715— 
132). The prehminary treatment of the sediment Ls effected with 
ydrnchloric acid, whereby a portion remains undissolved which 
ontaiiB sibca (46-7%), calcium oxide (121%), iron oxide (11-5%), 
luminium oxide (4-44%) organic matter (3%), and smaller amounts 
t aisenic, manganese, etc. The solution is treated with ammonia, 
living a precipitate containing iron oxide (61%), calcium oxide 
;i'8%), manganese oxide (5-7%), aluminium oxide (3-67%), and 
mall amounts of arsenic, strontium, etc., together with 2-54% of 
natter insoluble in hydrochloric acid. The latter is re-dissolved, 
)ut eimchment of the solution in radioactive matter is found 
^possible by fractional precipitation of the iron as ferric hydroxide. 
’ ™wever, the iron is reduced to the ferrous state and ■ slow 

23 * 
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crystallisation of ferrous sulphate is induced, it is found that the 
initial deposits are completely inactive and the subsequent ones 
only slightly active, becoming, in general, completely inactive after 
a single crystallisation from water. A very considerable enrichment 
of the solution can thus be effected, and the active material can 
then be deposited on ferric hydroxide by oxidation and subsequent 
addition of ammonia to the solution. If desired, the last traces 
of iron can be removed electrolytically from the solution and the 
active substance then deposited on any desired carrier, but the 
procedure docs not appear to offer any particular advantage. 

The. residue (see above) is treated with hydrofluoric and sulphunc 
acids for the i-cmoval of silica, whereby the organic matter becomes 
charred and the carbon disseminated through the inorganic matiis. 
The latter may bo almost completely removed by treatment with 
boiling hydrochloric acid (1 : 2). The residue invariably exhibits 
relatively great activity, which i.s yet more pronounced in the asli 
left after ignition. Attempts to secure an active deposit by treat- 
ment of the solutions with animal charcoal were, however, un- 
successful. The filtrate from the treatment of the charred product 
is concentrated when gypsum and aluin succcs-sively separate in an 
inactive condition ; subsequent concentration of the active matter 
is then effected by the ferrous sulphate method, H. \V. 

Further Light on the Theory of the Conductivity of 
Solutions. Guy Clinto.n' (Pamphlet, pp. 15). — A theoretical 
discussion of the hypothesis of electrical conduction of solutions. 
It ia pointed out that Kohlrausch’s principle is stated first as a law 
of moving ions and secondly as a function of the resistance. The 
illustration put forward by Hittorf is exaTiiincd, and shown to be 
incapable of showing tlie po.ssihili(.y of the equivalency of discharge 
when the ions move wilh unequal velocity. The same question 
is examined niathematically, and the conclusion is drawn that 
Kohlrausch'b law of ionic movements is not in harmony with 
Faraday’s law of discharge. It is suggested that the Kohlrauscii 
statciucntii need revision, to keep them within the limit of cxpcii- 
mental evidence. The author propose.s the i'oUow'iiig : During 
the early period of electrolysis, in parts of the cell remote from the 
points of discharge, with certain amendatory assumptions, the 
sum of the velocities of tlie katioii aud anion is proportional in the 
molecular conductivity of the solution. It is pointed out that 
velocities have been me.»surcd in but a small part of the cell, whilst 
resistance is measiu’ed for the whole cell, and that such values are 
not comparable. The author describes a cell in which the velocity 
for the whole distance betw'een the electrodes is determined. This, 
only, is comparable with the fall in the potential for the entire cell. 
It is shown experimentally that the lead ion moves downwaid 
toward the cathode with a velocity of 0-113 cm. per sec,, but upwam 
to the cathode with a velocity 0-00457 cm. per sec, the potentia 
gradient being unity in each case. Whetham s explanation for the 
exceptional congestion in solutions of cadmium iodide is quotei, 
and it ia suggesied that it might be applied to explain all cases o 
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The effect of hydration of ions on ionic velocities is 
examined- It is pointed out that previous work takes no account 
i,f tlic eddies formed in the system. ,j p 

Ionic Mobilities, Ionic Conductivities, and the Efiect of 
Viscosity on the Conductivity of certain Salts. Duncan A. 
MacInses [J. Amur. Chem. Soc.., 1921, 43, 1217— 1226).~A 
theoretical paper in which it is shown that the changes in the, 
tiansport numbers with concentration indicate that variations of 
ionic mobility with concentration must be considered in any theory 
(if strong electrolytes. Since the changes in the transport numbers 
can indicate only differences of mobilitio,s, it seems very probable 
that the actual changes arc greater than these differences. Since 
there is at present no method of distinguishing between variations 
of the etfuivalent conductivity due to (a) changes of the number 
if ions, [b] changes of the mobilities of the ions, it seems desirable 
1(1 consider a group of these substances as completely dissociated, 
ind all variations of conductivity as due to changes of mobility! 
The latter changes can conceivably arise from the inoreasijie 
itrength with concentration of the electrical Held due to the iorisn 
file evidence in favour of this view is most clear in the case of the 
ilkali haloids and hydrochloric and nitric acids. These substances 
ulfil a further condition of com]ffele dissociation, namely, addi- 
ivity at each concentration, of the conductivity except in so far 
IS this property is modified by the elianging vi.scosity. .Any degree 
)f dissociation less than that rcpre.sented bv the limiting case can 
je found in solutions of electrolytes, particularly of weak elcctro- 
ytes and those possc.ssing multivalent ions. But tins dissociation 
(annot be calculated from the ratio A/A„, since the changes of the 
ransport numbers witli concentration indicale. that cliangcs of 
oiiic mobility also occur in these solutions, in the. case of strong 
-Icctiulytes, there does not appear to l)e any property which can 
ae computed from tlie conductivity ratio. The activity coefficients 
)f the ions of tlie allcali clilorides and liydrochlorie acid arc first 
(OUT and then much higher than tiie corresponding ratios as tlie 
mentrations are increased, whilst ilie free energy contents of 
less ions have been found to be a.dditivc at eacli concentration. 
IS would be expected if they wore completely or almost completely 
li.'sociatcd, J B S 

Electrode Reactions. Contractometric Observations at 
m'? a' dl- Stagek {Hdn. Chim. Acta, 

r iw) — An extension of the contractomclric method 

• , lJ-0, ii, (28) to the study of anode cliangcs in cloctrolytically 
■IK anpablc electrolytes, yielding hydrogen at a platinum black 
icroile. the ainpcs consisted of elect roljAic dejiosits of the 
hi-,t f c duvestigaled on platinum contractoiiieter plates, a 
A ot the metal it.self being alternatively empioved in the ease 
upper (cf A., 1920, ii, 624). The results of a study of platinum 
oun*'* ™ ““fpduric acid or sodium hydroxide solution, of nickel, 
•oii*^'’ in sodium hydroxide soluUoiis, of passive 

in m lie acid, and of copper and silver in sodium sulphide 

23*— 2 
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solutions show that the method is not inferior in applicabihty to 
the dilatometrio method. The details do not lend themsekes to 
concise reproduction. J, K. 

Electrode Processes in the Presence of Colloids. X, 

IsQAEiscHEV (KoU. Ohem. Beihefte, 1921, 14, 2,5 — 62). — The 
cathodic and anodic polarisation in the electrolysis of solutions 
of zinc sulphate and copper sulphate has been investigated in 
the presence of gelatin, gum, and sucrose. The potential of zinc 
and copper has been determined in the same solutions and also 
the viscosity and the electrical conductivity of the solutions. It 
is shown that a maximum polarisation is set up and also a maxi- 
mum potential at a definite concentration of the added substance. 
In a molecular solution of zinc sulphate the maximum occurs 
with 0-02.5% of gelatin, 2% of gum arabic, and 30% of sucrose, 
and with copper sulphate solution the maximum occurs vith 
0-30% of gelatin. This maximum is explained by the liypothesis 
that the kations form adsorption compounds with the colloid and 
these exert an action on the velocity of the cathode processes, 
but none on tlie anode processes. In the case of sucrose, the 
polarisation is explained as due to a chemical combination between 
the sugar and the zinc sulphate. The heat of formation of the 
adsorption compound between the zinc ion and gelatin is found 
by the electrometric method to be AQ=— 2150 Cal. The ultra- 
microscopic investigation of the above-named solutions shows a 
characteristic change in the form of the particles with increasing 
colloid concentration. A connexion between the polarisation 
phenomena and the structure of the electrolyticaUy deposited 
metals ts established. The change in the crystallisation pheno- 
mena, tho crystalline form of the metal, and the polarisation are 
brought about by the relatively alow formation of the ions from 
the complexes. Similar results have also been obtained witli 
solutions of nickel sulphate. In this case the maximum polarisation 
is found with solutions containing 0-9o% of gelatin. J. F. S. 

Electrolytic Oxidation and Reduction in Presence oi 
Metallic Salts. Max ScHLoriEB (Zeitsch. Eleklrochem., 1931, 
27, 394 — -402). — In the electrolysis of chloride solutions for the 
manufacture of chlorate, the addition of a small (quantity of a 
metallic salt, for instance a mangane.« salt or a chromate, has a 
favourable effect on the current ellicicncy of the process, apparently 
by preventing reduction from taking place in the cell. Experi- 
ments to investigate the part played by the metallic salt were made, 
using as electrolyte a saturated solution of potassium chloride 
with platinum electrodes. The amounts of reduction and of decom- 
position of water taking place were determined by analysis of t e 
electrode gases for hydrogen and oxygen. It was found that e 
effect of the addition of a metallic salt to the electrolyte va-r 
determined, not only by the character of the metal, but equa j 
by its concentration. Certain metals, such as copper 
of cupric cldoride per litre) and lead {0-21 gram lead oxi 
per litre), eliminated reduction almost entirely. Tin, when 
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gram of stannous chloride per litre was added, had little effect, 
when only one-tenth of this quantity was used, reduction 
was brought down to a very low figure. It was always observed 
that, after addition of the metal salt, several hours had to elapse 
before the oeU settled down to a steady state. This is prob- 
ably due to the time required for the deposition of the metal 
on the electrode. Since the most favourable results are obtained 
with a very small quantity of added metal, it appears that the 
cathode does not then become completely covered with the deposited 
nictal, but that the latter forms a network over the electrode metal. 
Xhe form of electrode which then gives the best results is probably 
one which consists of the system electrode metal-dcposited metal- 
hydrogen. This conolu-sion was supported by experiments in which 
iiietals other than platinum were used for the cathode. When a 
copper cathode is used, addition of copper to the electrolyte ha.s 
no effect on the reduction. With an iron electrode addition of 
copper increases the amount of reduction in the cell, whilst with 
a copper electrode addition of iron lowers the percentage reduction, 
although the reduction value of a pure iron electrode is much 
higher than that of a pure copper electrode. This is explained by 
the fact that eleotrolytically deposited iron absorbs more than one 
hundred times its volume of hydrogen, forming a stable system in 
which the activity of the hydrogen is reduced to a low value. The 
potential energy of the hydrogen at the cathode depends on the 
nature of the deposited metal, and it should be possible, by choosing 
a suitable system, to obtain conditions for the quantitative reduction 
of any substance, E. H. R. 

Velocity of Sound in Gases at High Temperatures and the 
Ratio of the Specific Heats. H.arold R, Dixon, Colin 
b.AMPBELL, and A. Parker {Proc. Roij. Hoc., 1921, [A], 103, 1 — 26). — 
Direct measurements were made of the time taken by a sound 
wave to travel through the gas contained in a tube of known 
length, by means of a pendulum chronograph. The sound was 
propagated through tubes of lead, mild steel, and silica. The 
lead tubes were u,sed up to 100° ; at liigher temperatures, the steel 
and silica tubes wore used, being heated in a gas furnace, and 
electrically, respectively. The value.s of Cj/Ct, and the true specific 
heats calculated by Berthelot’s equation, arc given : for air (0 — 
"00"), nitrogen (0 — 1000°), carbon dioxide (0 — 600°), methane 
(0—600°), and ethane (0 — 100°), and the values of are repre- 
sented by the following equations (l=te.mpcrature ; T=absoIute 
temperature): nitrogen 4 775 +0-000427’ ; air 4-8 -1-0-0004T; car- 
bon dioxide 6'30-fO-00205T-|-0-0000007T^ methane 6-66-f0-019« ; 
ethane 9'04+0-0183(. J. R, P. 

Ratio of the Specific Heats of Air and Carbon Dioxide. 

J- K, Partington (Proc. Roy. Soc., 1921, [A], 100, 27^9).— The 
values of Cp/C(, for air and carbon dioxide at 17° were found by the 
of adiabatic expansion and the specific heats calculated 
y herthelot’s equation. For air, CB/Cfl=l*4034 ; for carbon dioxide, 
1-3022. j. R, p 



ii. 622 


ABSTRACTS OF CHEMICAL PAPERS. 


Freezing Points of Organic Substances. VI. New Ex- 
perimental Determinations. J. Timmerjians and Th. J, j- 
Maitaak (Bull. Soc. dim. Belg., 1921, 30, 213 — 219; cf. A., 19ii 
ii, 854; 1914, ii, 108; this vol., ii, 430 — 431). — The freezing points 
of seventy -three compounds of the fatty scries, liquid at the ordinary 
temperature, including alkyl haloids, ethers, ketones, acid anhydride’s 
and chlorides, esters, and amines, are given in tabulated form witjj 
notes and references to earlier determinations where such have 
been made. The freezing points given range from —13° to —140= 

J. H. L, ' 

Some Relations between Absolute Critical Temperatures 
of Ebullition and Fusion. J. J. vax I.aar (,/. Chim. physi'jtti 
1921, 19, 4 -8). — The regularities described by Prud’homiiic (.A 

1920, ii, 587) are purely arithmetical and have no physical meaning. 
Relations are deduced from the formula of van der Waals : lo; 
pjp^—f(TcjT—\), where / may depend slightly on temperatun' 
If 2\=boiling point, p=l atm., then <)>i=2’c/J'j=logp,//j^I 

will therefore be approximately constant unless Pc is abnormal 
(helium). In the case of fusion, (Uj— h.2)/t'2=l/14, where is 
the effective volume for molecular motion. Thence 
2 acjya 2 , where p., n is the attraction constant, and ■/' i,s 

usually 0-9, but for ideal substances (o and b constant) is 0-5. For 
ordinary substances, For limiting substance 

(with Tj from 400 to 500°), d'j— l'S3, which agrees with the rule ol' 
Timmermans (this vol., ii, 430) that the melting points of diffemit 
families of substances tend to an upper limit of 117° C. 

J. E. P, 

A Differential Thermometer. Ala:-: 1\'. C. Me.nzies (Erer 
Sat. Acad. Set., 1921, 7, 81 — 83). — A water-filled difterentini 
thermometer for use in ebullioscopio measurements is described. 
The thermometer con.sists of a length (12 cm,) of stout-walled 
pyrex glass blown to a bull) at its upper end and bent and enlarged 
at its lower end. Before sealing, all air is cx-pcllcd by boiling, so 
that the pressure generated at eitlier end is due to the vapour of the 
indicating liquid. Both the .stem and the lower bulb arc graduated 
in mm. The various errors a.ssocialed with the Beckmann themi i- 
raeter are discussed in connexion witli the present instrument. 

J. F. S, 

Applications of a Differential Thermometer in EbuUioscopy. 

.Alan W. C. AIeszies and Stdxey L. Wriuht {Proc. Sal. Acad. Sei.. 

1921, 7, 77 — 80). — The authors described a modification of the 
Cotterell ebullisocopic apparatus (A., 1919, ii, 447; 1921, ii, 240) 
which involves the use of a loose pump which is hung on the lower 
bulb of a differentia] thermometer (ct. preceding abstract), a sealed- 
on condenser attached to the top of the boiling tube, and down the 
centre of which is a glass rod attached to the thermometer to hoi 
it in position, The bottom of the boiling tube is constricted to 
form a bulb, which contains the whole of the solvent, and a gradua e 
neck. In this way, the volume of liquid may he read immediate) 
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the ebsllitio" has ceased and before the condensed liquid has had 
tj„)e to drain back into the bulb. The apparatus has no corks in 
its construction. The authors claim that with this apparatus 
readings may be obtained as rapidly as fresh portions of the dissolved 
substance can be weighed, and these have«,n error not larger than 

0.0%. J.F.S. 

An Improvement in Barger’s Method for the Estimation 
of Molecular Weight. Karl East {Ber., 1021, 54, [S], 1070 - 
jgg 7 ) _’X'he main innovation consists in the replacement of the 
individual drops used in the original method (T., 1904, 85, 286) by 
a sing’c larger drop which is placed in a capillary tnbe and is fixed 
at one end. The variations in the size of the drop are therefore 
much greater and a single reading only is involved. A further 
advantage lies in the possibility of u.sing volatile solvents such as 
ether or pentane, whilst, in addition, loss trouble is involved when 
less volatile solvents are used at increased temperatures. 

A capillary tube, 0-5— 1-2 mm. in external diameter and 20—30 
cm. long, is filled successively to a length of about 5 cm. with the. 
comparisoti solution, a bubble of air .3—4 mm. long, and then with 
the solution under investigation to a lengtli of 4 — 5 cm. The latter 
is drawn into the tube so as to leave about 3 era. free. The “ com- 
parison ” end of the tube is sealed and the other end drawn out to 
an exceedingly fine capillary, which is broken off so that a length of 
about 2 cm. remains, and is then sealed. The “ compari.son ” end 
is broken and the solution allowed to flow down to the fine point, 
after which it also is drawn out and sealed. The tube i.s now 
mounted in a Petri dish, and the observations are made under the 
microscope as in the original method. Tt is convenient to have the 
two solutions of different colours: a .suitable standard is provided 
by azobenzene for all solutions which are not red, and by naphthalene 
for red solutions. Solvents of low boiling jmint, for example, ethyl 
fther, ethyl acetate, acetone, carbon disulphide, alcohol (90%), 
or a mixture of pyridine and acetone, are particularly serviceable, 
since the changes then occur with convenient rapidity. If desired, 
a .series of solutions, separated from each other by bubbles of air, 
may be used in the same capillary. H. W. 

A Flame with Very High Temperature. Ernst Hauser 
and Ersst Rie {Silzungsher. K. Alcad. ITm. H'bV.ft, 1020 [ITA], 
129, 539 — 547 ; from Ohm. Zentr., 1921, iii, 588). — .4n inflammable 
liquid is fed to a specially eoivstmcted burner, where it is atomised 
by means of a chemically indifferent ga.s (hydrogen) to a horizontal 
cone. This is invested with a mantle of oxygen blown from the 
peripheral portion of the burner. A temperature of more than 
3000° is thus obtained. Using this flame, carbon was changed into 
graphite or, under certain conditions, into minute, transparent, 
highly refracting crystals. G. W. R. 

Radiation Theory of Thermal Reactions. W. C. M. Lewis 
and A. McKeown {J. Amer. Chem. Soc., 1921, 43, 1288—1306).— 
A theoretical paper in which an expression is obtained for the 
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velocity of a uniraoleeular reaction in a gaseous system, on the basis 
of the radiation hypothesis of thermal reactions, making use of 
continuou.s absorption of radiation by an oscillator. The expreasion 
obtained is in which jg jjjj, 

unimolecular velocity constant, e and m are the charge and mass ol 
the electron, v is the frequency of the radiation characteristic of 
the reaction, k and h are the constants of Boltzmann and Planck 
respectively, T is the absolute temperature, and the refractive 
index of the substance in an ideal state corresponding with the 
closest possible packing of the molecules. The term n,„ is shown to 
have a value of approximately 200, which is practically independent 
of the system considered and of the temperature. The expression 
for the velocity constant agrees with the experimental data of uni- 
molecular reactions, so far as they are known. By oonsideritu 
reversible reactions of the dissociation type, an expression is obtained 
for the equilibrium constant which is shown to be in good agreement 
with the experimental data for iodine given by Bodenstein and 
Starck (A., 19U, ii, 20). Recent criticisms of the radiation hypo- 
thesis have been considered and answered. In view of the nature 
of the criticisms, it is essential to emphasise the distinction rather 
than the resemblance between thermal and photochemical processes. 
The resemblance lies in the fact that both processes arc attributed 
to radiation, whilst the distinction enters in the manner and extent 
to which the transformation of radiant energy occurs. Thu.! 
Langmuir attributes the mechanism of a thermal process to rate of 
emission from a surface, which mechanism, however, characterises 
photochemical action only. On the other hand, Lindemann 
considers photochemical action, but regards it from the point of 
view of radiation density, which is shown to define thermal velocity 
and not photochemical velocity, when the radiation has the same 
temperature as the matter. .J, F, S. 

Volume of Rations in Permutite. A. Gut;THER.Sr,Hcr.zE 
(Zeitsch. Physik., 1921, 5, 324 — 330; cf, this vol., ii, 9).— The 
molecular volume has been determined at 18“ for a number of 
permutites containing different kations, and from the space taken 
up by the kation the kation volume has been calculated for lithium, 
sodium, pota,ssium, ammonium, rubidium, silver, magnesium, 
calcium, strontium, barium, cadmium, thallium, lead, and uranyl 
ions. These values are compared with the atom radius and the 
kation radius. In most cases, the determined kation volume is 
smaller than the atou'ic volume; only in the case of the foiu' 
elements with large atomic weights, silver, cadmium, lead, and 
thallium, is the reverse the case. In the case of lithium, potassium, 
and rubidium, the atomic radii agree very nearly with those deduced 
by Lorenz from diffusion experiments in mercury. J. F. S. 

Surface Tensions of Salts of the Fatty Acids and then 
Mixtures. Eric Everard Walker (T., 1921, 119, 1521— 153()’ 

Adsorption of Gas by Charcoal, Silica, and other 
Substances. Henry Briggs [Proc. Roy. Soc., 1921, [A], W"; 
88 — 102). — The adsorptive capacities of charcoal and sUica at liquid 
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air temperatures (-150°) were compared, especially as relates to 
hydrogen and nitrogen. Evaluations were made of the volume of 
solid matter, the interstitial space between the granules, and the 
internal gaseous space. The pressure of capillaries is not sufficient 
to account for adsorption^ It is argned fiiat a vitreous solid is a 
complete atomic linking ; activation is considered to be the effect 
of disrupting the solid polymerides, and the means of accomplishing 
the partial depolymerisation of charcoal and silica is described. 

J. R. P. 

Stoicheiometry of Adsorption. II. Adsorption of 
Potassium and Barium Salts of Various Anions. Sven 
O nfa and E. W.' Lanoelius (./. Physical Chem., 1921, 25, 385—398 ; 
cf. this vol., ii, 438). — The adsorption of the hydroxide, bromide, 
thiocyanate, nitrate, and chloride of potassium and barium, and 
the iodide, sulphite, fluoride, ferroeyanide, citrate, chromate, 
sulphate, and chlorate of potassium by charcoal has been deter- 
mined by the interferometric method previously described (foe, cit.). 
In the case of the potassium salts, the concentration-adsorption 
curves cross one another, that is, the order of ad.sorption varies with 
concentration. With a concentration O-OIO-II, the order is : 
fluoride < chloride < sulphate < nitrate < chloride < bromide < 
ferroeyanide < citrate < chlorate < chromate < iodide, whilst at 
0'2JI the order is : sulphate < fluoride < ferroeyanide < chloride 

< bromide < chromate < citrate < nitrate < chlorate < iodide < 
cyanide. In the case of the barium salts, the order of adsorption 
does not change with change in concentration, except perhaps in 
the case of the acetate, and the order is the same as that for the 
potassium salts at the concentration 0-05iI/ ; the order is ; ohbride 

< bromide < acetate < nitrate <; thiocymnate < hydroxide. 

J. F. S. 

Adsorption by Precipitates. IV. Harry B, Weiser (J. 
Phjaical Chem., 1921, 25, 399—414; cl. A., 1920, ii, 228; 1919, ii, 
269). — A number of experiments on the adsorption of oxalate, 
chromate, and dichromate ions by hydrated ferric oxide are described, 
and experiments are also described on the quantities of electrolytes 
required to coagulate a colloid. It is shown that the amount of 
electrolyde required to coa^latc a colloid is influenced by the rate 
of addition. Since a quantity of electrolyte that will cause complete 
coagulation when the addition is rapid will not cause complete 
coagulation when the addition is slow, the colloid is said to have 
become acchmatised, and the phenomenon is termed acclimatisation, 
ibis term is a misnomer, since the colloid does not become aoclim- 
tised to the presence of the electrolyte in the ordinary sense of the 
word The amount of precipitating ion carried down by a colloid 
IS determined by the adsorption of the electrically charged particles 
unng neutrahsation and the adsorption of the electrically neutral 
icles during agglomeration. The adsorption of oxalate, 
and dichromato by hydrated colloidal ferric oxide 
p asises the importance of adsorption by neutralised particles in 
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determining the amount of electrolyte carried down by a precipi. 
tated colloid. The drop-by-drop Eiddition of an electrolyte to a 
colloid over a long period is accompanied by fractional precipitation 
of the coUoid and the precipitating ion. The precipitation value 
is such a concentration of precipitating ton added all at once that 
sufficient adsorption to cause neutralisation of the colloidal particles 
can take place promptly. The necessity for using more electrolyte 
to effect complete precipitation on slow addition arises, not from 
the adaptability of the colloid to the presence of the electrolyte, 
but from the fact tliat the fractional precipitation during slo;v 
addition continually removes ions owing to adsorption by the 
neutralised particles during agglomeration; and this loss must be 
compensated. The excess of electrolyte required for a given slow 
rate of addition is determined by (a) the extent to which the colloiei 
undergoes fractional precipitation, (6) the adsorbing power of the 
precipitated colloid, and (c) the adsorbability of the precipitating 
ion. The amounts adsorbed at the precipitating concentration of 
the various ions arc not equivalent, as Freundlich assumes. 
Adsorption of equivalent amounts effects neutralisation of the 
charged particles, but adsorption during agglomeration varies with 
the concentration and adsorbability of the ion. Comparable 
adsorption values cannot be obtained at the precipitation concen- 
tration on account of the variability of the latter. J. P. ,S, 

Method of Photographing Transparent Crystals. M 

Fr.an^ois and Ch. Lobmaxd {Bull. Soe. cliim., 1921, [iv], 29, 792- 
807), — Full details are given for the photomicrography of transparent 
crystals. A simple apparatus is described and illustrated, including 
a method of illuminating the crystals. Instriictions are given as 
to choice of plates, method of development, and a method for 
calculating the (ime of exposure. W. 0. 

Determination of Crystal Structures by Means of A-Rays. 
M. vox Laue {Natumies., 1920, 8, 968—971 ; from Chm. Zntr , 
1921, iii, 605 — 506), — A theoretical discussion showing the limita- 
tions of the X-ray method for the determination of crystal structure,!. 
It is pointed out that the lattice image is not a refraction, but an 
interference, image. Information a,s to crystal structure is actually 
obtained by considering the results obtained with rays falling at 
different angles and of different wave-lengths. Additional informa- 
tion is given by chemical constitution, the dispersive power of the 
atoms present for the r.ys used, crystal form, and the mathematical 
theory of simple and compound space lattices. G. W. R 

The Chemical Reactions of Crystals and their Relation 
to the Molecular Structure. F. Rlnne {Z. ilefallt, 1921, U- 
401—406 ). — A theoretical paper dealing with the arrangemeiit 
of the atoms and molecules in crystals and their relation to the 
symmetry of the crystal. It is shown that the action of reagente 
on crystals takes place in a symmetrical manner and if carried on 
slowly results in the development of symmetrical figures on 
surface of the crj'stals which vary according to the relation ot 
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face attacked to the axes of the ciystal. An explanation of this and 
of the change of crystal form that some minerals undergo on heating 
is given, based on the space-lattice theory of cry.stal stnicture. 

A. R. P. 

Methods for [ESecting] the Orientation of Crystal Elements. 
R. Bkckbb, R. 0. Herzog, W. Jancke, and M. Polanyi (Zeilsch. 
Ph/iilc, 1921, 5, 61— 62).— Several method.s are described whereby 
an axial orientation of crystal elements in various types of substances 
may be produced. 1. A crystalline powder placed in a magnetic 
heM so arranges itself that individual crystalline particles take up 
positions corresponding with the inductive action. 2. Subjecting 
crystalline powders and substances like wax and paraffin to high 
prWsures ftOOO — 5000 atms.) brings about a marked regular arrange- 
ment of the particles. This is observed in the case of the substances 
succinic acid, indigotin, and stearic acid. 3. The cold drawing of 
metals produces an axial symmetry of the elementary crystals of the 
metals. J. F. S. 

Constitution of Mixed Crystals and the Space Filling of 
the Atoms. L. Veoard {Zeilsch. Physik, 1921, 5, 17 — 26). — 
.1 continuation of previou.s work (A., 1917, ii, 243). In the present 
paper the structure of mixed crystals of potassium bromide and 
chloride, potassium and ammonium chloride, and potassium and 
aranionium sulphate has been examined by means of A-ray spectra, 
using the .Dehye-Scherrer powder method. The retlection maxima 
lm\e been photographed for the mixed crystals named above, and 
their components. The results indicate the replacement of one 
atom by another in mixed cry.stals is irregular and unordered, so 
tiiat mixed crystal.s arc, to he defined as tho,5e substances which 
are characterised by an unordered atomic substitution. The 
change of the position of the rcllection maxima denotes a change 
in the molecular volume. The replacement of bromine by chlorine 
tfiect.s a contraction, whilst the replacement of potassium by 
ammonium effects an expansion of the crystal lattice. The length 
of the side of the elementary lattice of the mixed crystals of potaa.s- 
iiim bromide and chloride is given with great accuracy by the 
formula «,„=(p— 100)/100 ■ <iKBr 'vKieh p is the mole- 

cular per cent, of the potassium elilorirlo in the mixed crystal and 
(isBr are lespcctively the lengths of the sides of the lattices 
of the mixed crystal, potassium chloride, and potassium bromide. 
The crystal lattice of ammonium chloride is shown to be a cubic 
chlorine lattice centred round a similar nitrogen lattice. It is 
^hown that the ammonium radicle takes up more space in the 
ammonium chloride lattice than hi that of the face-centred type, 
l^he diameter of the hydrogen atom is calculated from the data 
•^htained for ammonium chloride and bromide and values between 
I'jS A.U. and 1-68 A.U, obtained. J, F. S. 

The Colloid Mill and its Applications. Hermaxx Plausoa^ 
i^tsek angew. Chem., 1921, 34, 469—472 ; 473— 474).— Two 
of machine are described, designed for the preparation of 
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colloidal solutions by mechanical means. The tet type, suiUbij 
for dispersing typical colloids in a suitable dispersion medium, 
depends on the hammer-and-anvil principle, whilst the second' 
which depends on friction, is suitable for the preparation of colloidal 
solutions of such substances as minerals, dyes, or carbon. It jj 
shown that definite saturated colloidal solutions can be prepared 
by means of such machines, but that the saturation limit can be 
raised by the addition of dispersion accelerators or “ disporsators, ' 
which may be compared in their action with chemical catalysts. 
Numerous technical applications of the colloid mill are discussed, 
especially a new application in the viscose artificial silk process. 
With a suitable dispersion medium, cellulose can he reduced in 
the colloid mill to the colloidal form, and in this state it reacts 
vdith the theoretical quantity of alkali to form alkali cellulose 
which in turn reacts smoothly with carbon disulphide to give 
xanthogenate without the formation of any thio-salts as by-products, 
[Cf. ,7. Soc. Chern. Ind., 1921. Nov.] E. H, R. 

The Hydration of the Fibres of Soap Curd. III. Sorptioa 
of Sodium Palmitate. Mary Evet.yn Laino (T„ 1921, 119, 
1669—1676). 

Statistical Mechanics and Chemistry, E. P. Adams [I 
Amer. Chern. Soc., 1921, 43, 12.71— 1254).— A theoretical paper in 
which the view is advanced that if the laws of chemical dynamics 
are found to he consistent with the principles of statistical mechanics 
it is not only unnecessary, but even unjustifiable, to introduce the 
ciuantum hypothesis to derive these laws. The author shows that 
Tolman’s criticism (this vol., ii, 99) of Mareelin’s attempt 
1915, ii, 328) to base a theory of chemical dynamic-s on the principles 
of statistical mechanics, is unfounded. Tlie main point of Toh 
man’s criticism is that Marcolin has confused Gibbs’s canonical 
distribution of an ensemble of systems with the Maxwell-Boltzmann 
distribution. The author sliowvs that the form of the Maxwell- 
Boltzmann law used by Marcelin may he derived without making 

any use of the canonical distribution of Gibbs. / J. F. S. 

A Piezoelectric Method of Measuring ExplosioJ Pressures. 
David A, Key.s {I’hil. Maa., 1921, [vi], 42, 47»-488).— lie 
piezcxilectric properties of tourmaline crystals were ^ used in con- 
junction with a special form of cathode ray oscilloCTaph to 
the pressures developed in explosions and the velocily of explosion 
waves in water. [Sect/. jS’oc. GAcin. /ucf-., 1921, 760aJ5 J-B- 

Gaseous Combustion at High Pressures. III. The Ex- 
plosion of Hydrogen-Air and Carbon Monoxid*Air Mixtures. 
William Arthur Bone and Wii.lia.m Arthur HAWARD lr''*’- 
Roy. Soc., 1921, [.4], 100, 67—84; cf. A., 1915, |i, 684).-Tlie rbc 
of pressure in the explosion of mixture.s of hydrJgen and air occ » 
very rapidly, but there is evidence of develo^ient of bea 
short period after the attainment of the maximum pressure, i 
rise of pressure in the explosion of carbon moi^oxide and air oo 
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much fflore slowly, and cooling is delayed for a long period after 
the niaiimuni pressure has been reached. The presence of even 
p of hydrogen in the carbon monoxide-air mixture, at the high 
initial pressures employed, accelerates the rise of pressure on 
explosion to a high degree. A theory is proposed to account for 
the different modes of explosion of hydrogen and carbon monoxide. 

J. R, P. 

The Propagation of Flame in Mixtures of Ethylene and Air. 
William Ronald Chapman (T., 1921, 119, 1677— 1(583). 


A Periodic Reaction in Homogeneous Solution and its 
Relation to Catalysis. William C. Bray (J. Amer. Chem. Soc., 
1921, 43, 1262 — 1267).— The action of hydrogen peroxide both as 
an oxidising agent and as a reducing agent has been studied in 
the case of its reaction with iodine. The reactions which occur are 
(1) oH20j+l2=2H103+4H20 and (2) 5H202+2H103= 502+l2+ 
eHjO. It is shown that far more peroxide disappears from the 
reacting system than can be accounted for by the above equations, 
consequently the reaction (3) HjOj > HjO + ^Oj must also take 
place and this is catalysed by the iodic acid-iochno couple. Using 
a mixture containing 0'190Af hydrogen peroxide and 0’0941/ 
[jotassram iodate, the reaction was carried out at 00° in the presence 
of varying concentrations of sulphuric acid by measuring the rate 
of evolution of oxygen. In the case of O-Oou.V-suljiliuric acid, it is 
found that after an induction period lasting a very short time 
the reaction takes place rapidly and smoothly ; its rate is propor- 
tional to the concentration of both hydrogen peroxide and iodate, 
and is but little affected by the concentration of hydrogen ion 
above 0'2A. With a concentration of OTlOA'-sulphuric acid, after 
the induction period (seven minutes) the reaction proceeds smoothly, 
and a faint permanent iodine coloration is observed, but the velocity 
of cvolutiou of oxygen is much greater than in the case of an acid 
concentration 0'055i\’. With acid concentrations intermediate to 


the foregoing, the velocity of evolution of oxygen i.s not uniform, 
but periodic in nature. Taking acid concentrations 0-073A' and 
00916.V respectively, it is found that the induction period is 
eighteen and twelve minutes respectively, and then the evolution 
of oxygen is periodic. The curves representing this show a series 
of relatively flat portions followed respectively by very steep 
portions. In the flat regions the colour due to iodine slowly 
deepens and in the steep regioas slowly fades away. With the 
more dilute acid, the period is between three and three and a 
Mlf minutes, but with the more concentrated acid the period slowly 
increases from ten to thirteen minutes. Thus with 0'0o5*V-acid 
ere is no periodicity, with 0-070A'-acid there are periods of ten 
0 lurteen minutes, with 0-09 16A’ -acid periods of three to three 
alirt ^ minutes, and with O-llOA’-acid there is pure catalysis 


v, 1 periodifiitj^ In the last case, however, it is 

Gy that after a very short induction period the reaction consists 
^ arge number of very short periods. This periodicity is taken 
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as furnishing direct evidence in favour of the intermediate com- 
pound hypothesis of catalysis. An experiment carried out at 25 
shows that the periods may be made to extend over several clays, 
and when no shaking takes place the oxygen does not leave the 
solution in bubbles, thus making the reaction strictly homogeneous 

J. F, S, ■ 

The Efiect of Temperature on Platinum Black and other 
Finely-divided Metals. Robert Weight and Robert Christie 
Smith (T.. 1921, 119, 1683—1088). 

Adsorption of Gases by Metallic Catalysts. Huuii Stott 
Tavi.or and Robert Martin Bhrns {J. Amur. Chem. Soc., 1921, 
43, 1273 — 1287). — Measurements of the adsorption of hydrogeni 
carbon monoxide, carbon dioxide, and ethylene by finely-divided 
nickel, cobalt, iron, copper, palladium, and platinum have been 
made at various temperatures with the object of finding the rela- 
tionship this phenomenon bears to catalytic activity, and par- 
ticularly to the mechanism involved in hydrogenation reactions. 
It is shown that adsorption by these metals is a specific property 
quite different in nature from adsorption by inert adsorbents sucli 
as charcoal. The extent of the adsorpition is shown to he a function 
of the mode of preparation, and is especially less pronounced the 
higher the temperature of preparation of the flnely-diiided metal, 
The relationship between this fact and the corresponding facts of 
catalytic behaviour lias been pointed out. The adsorption isotherms 
have been studied in the cases, nickel and hydrogen and copper and 
carbon monoxide. In both cases, adsorption increase.s rapidly 
with increa.sing partial pressure below 300 mm., and becomes 
practically iudcpendciit of pressure above this point. The signifi- 
cance of iiTCvcr-siblc adsorptions of gases has been studied, and 
reasons are sugge.stod for divergences between different catalysts. 
It is indicated that, in addition to the adsorption factor, it is neces- 
sary to consider some other factor in explahiiiig catalytic actiiit}, 
and it i.s shown that a combination of the temperature factor with 
the adsorption factor in catalytic action suggests a possibility of 
explaining the divergence between the catalytic activities of various 
metals. J- 

Catalytic Hydrogenation of Organic Compounds with 
Common Metals at he Temperature of the Laboratory. 
The Activity of Nickel Catalysts prepared at Different 
Temperatures. Influence of Oxygen on the Nickel Cata- 
lyst. IV. C. Kelrek {her., 1921, 54, [R], 1701 I'Oo; « ■ 
A., 1917, ii, 215),- Willstiitler and Waldschmidt-Leitz (this vot, 
ii, 187) have reduced nickel oxide, preijared by ignition of iiictel 
oxalate, to metallic nickel at 3i50— 360“, and describe tne produoi 
as incapable of accelerating hyclrogonation catalycically 
previously primed with air. The author has been 
firm their observations. He has further examined the 
of metallic nieVei obtained by the reduction of basic nic 'e 
bonate at different temperatures, the operation being e ec 
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the same vessel as is used for the subsequent hydrogenation experi- 
ments, thus avoiding any possible complication caused by exposing 
the product to air. The activity of the catalyst is examined in 
the case of aqueous solutions of sodium cinuaraatc. It is found 
that metallic nickel prepared at 3-50 — 360'’ is but little inferior in 
activity to that obtained at 300", and notably superior to that 
produced at 210". The material first described becomes completely 
inactive when shaken with o.xygcn at 18—20°, but, if treated with 
hydrogen at 70 — 80°, it beeomes again active at the temperature of 
the laboratory. The latter phenomenon was not observed by 
ffillstatter and Waldschmidt-Leiiz, .since they worked at 60°, a 
temperature at which the catalyst commences to regain activity. 

H. w! 

The Influencing of the Activity of Catalysts. TV. Oxida- 
tive Catalytic Dehydrogenation of Alcohols. II. Karl W. 
Rosenmund and Fritz Zetzsche {Her., 1921, 54, [B], 2033—2037 ; 
cf. this vol., ii, 393). — Catalytic deJiydrogenation by means of 
copper, quinoline, and nitro-compounds and oxygen leads to the 
production of aldehydes from primary aliphatic, aromatic, and 
heterocyclic alcohols and of ke(,ones from secondary alcohols 
whereas tertiary alcohols remain unchanged. The method is 
useful in the oases of ditifieultly volatile or non-volatile alcohols, 
but has no advantage over the older processes when the more 
volatile alcohols arc used. 

Benzhydiol is almost quantitatively transformed into henzo- 
phenone when heated witli quiiiohne and nitrobenzene in a current 
of o.xygeii ; under similar conditions, triplienylcarbinol is unaffected. 
The yirids of acetaldehyde, propaldehyde, and fsobutaldehyde are 
m %, and 75% respectively, hut the volatility of the corre- 
sponding alcohol at the temperature necessary for tlie reaction 
renders the completion of tlic change difficult to secure. Fermen- 
tation amyl alcohol gives an 80% yield of the. corresponding alde- 
bjde. t)-Chlorobenzyl alcohol (^-Hitrobcnzaile, yellow, monoclinic 
prisms, m. p. 9.1 — 94°), is converted into o-chlorobenzaldehyde 
lyiold 86'2%), wlierea.s furfuryl alcohol gives a 74% yield of fur- 
luraldeliyde. 

Considering the number of factors involved in the reactions, it 
e not surprising to find considerable fluctuations in the optimal 
temperature for each change. The lower hmit may be considered 
at 125 130", at which amyl alcohol is dehyrflogenated ; 
tenzy hydrol and furfuryl alcohol give satisfactory results at 145", 
enzjl alcohol at 165°, and o-chlorobcnzyl alcohol at 195°; the 
JPper limit of temperature le 180" and 105" in the cases of benzyl 
aitonol and furfuryl alcohol respectively. H. W. 

The Influencing of the Activity of Catalysts. V. Catalytic 
Kbit 7°"^ Esters and Aldehydes. Karl W. Rosenmund, 
miz Zetzsche, and F. Heisb {Ber., 1921, 54, fBJ, 2038—2042).— 
of iiM previously (this vol., ii, 362) that the reduction 

fissiniTTi C'’ benzyl alcohol is complicated by the reductive 

0 benzyl benzoate (formed from unchanged benzoyl chloride 
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and benzyl alcohol) to benzoic acid and toluene, and by the forma, 
tion of dibenzyl ether. The first-named reaction is shown in the 
cases of benzyl benzoate and benzhydiyl benzoate to take place 
readily in the presence of xylene and more slowly in the presence 
of toluene ; it is almost completely inhibited by the addition of 
quinoline. Benzaldehyde is converted by hydrogen in the presence 
of palladium and xylene mainly into dibenzyl ether, the production 
of which is hampered whilst that of benzyl alcohol is facilitated 
by increasing addenda of quinoline ; more powerful regulators, 
such as “ sulphured ” quinoUne, inhibit the formation of dibenzyl 
ether. Benzyl alcohol is converted into dibenzyl ether by palladium. 
The reduction of benzoyl chloride may be represented by the 
scheme : hydrocarbon -e— ester ^ benzoyl chloride-^ aldehyde-^ 
alcohol — > ether ; any particular member of the series may be made 
the main product of the change by suitably influeuoing the catalyst. 

H. W. 

Non-radiating Atoms. (Sir) Joseph Larmob [Phil, J/oy,, 
1921, [vi], 42, 595). — ^Thc conditions under which an orbital system 
of electrons does not radiate energy unless disturbed are discussed. 

J. R. P. 

Escapements and Quanta. (Sib) J oseph Larmob (P hil. Jlaj,, 
1921, [vi], 42, 592 — ,594).— An atom is compared with a clock, 
the outer electron shell being the pendulum, maintained in con- 
tinuous vibration by the energy of the core imparted through 
an unknown escapement mechanism, which parcels out quanta. 

J. R. P. 


An Atomic Model based on Electromagnetic Theory. I, 

Albert C. Crehore {Phil. Mag., 1921, [vi], 42, 569—592).—.! 
mathematical paper. It is shown that the force between Uo 
neutral atoms each composed of revolving rings of e ectrons and 
stationary charges is not zero on the basis of Saha s theory oi tbe 
forces {Physical Rev., 1919, 13, 41). There cannot then be an equi- 
hbrium velocity for a ring of electrons, and an atom mth stationary 
electrons is indicated. A model of the hydropn atom consistcii 
with electromagnetic theory consists of two electrons (-e) of w 
shape of oblate spheroids, one on each side of a smaller posit i 
nucleus (-f 2e) of simUar shape, the whole rotating ^^out a commo 

axis The attractions between such atoms would obey ™e imer 
, J. K. r. 

sejuare law. 

Helium and Hydrogen Models. Edwin C. Kemble (Scww, 
1920, 52, 581-583).— Closely appropmating 
energy of the electrons in Langmuir s model of the 
(A., 1920, ii, 656; Science, 1920, 52, 433) are derived 
Wilson-Sommerfeld quantum conditions. 'tential 

using Langmuir’s data do not give the observed lom 
of helium. vni-ziui 


Scattering: of Light in Gases. 

{Zeitsch. Physih, 1921, 5, 374 — 375).- 


M. Born and W. 

-A theoretical paper in whic 
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the scattering of light has been calculated on the basis of the hydro- 
gen, oxygen, and nitrogen models of Bohr and Debye. The 
depolarisation factor deduced from the figures obtained has been 
compared with the experimental figures found for this factor by 
Strutt and Cans. The comparison shows that the order of magni- 
tude is the same in both cases, but neither is there a (quantitative 
avreement nor is the secquence the same for the three models. 
It is therefore shown that the molecule models do not represent 
the reality. J. 1'. S. 

The Determination of the Valency Scale of Iron, Cobalt, 
Nickel, Copper, Manganese, Tin, and Tungsten by means of 
their Water Vapour Equilibria, and of the Dissociation 
Pressure of the Oxides of these Metals. T.othar Wohler 
and 0. B-Alz {Zeitsch. EUktrochem,., 1921, 27, 40G — 419). — ^Experi- 
ments were made to determine the true number of oxides of iron 
by measuring the equilibrium constants when ferric O-xide is reduced 
by a gradually increasing amount of liydrogen, or, conversely, 
when iron is oxidised by an increasing amount of water vapour. 
The equilibrium constant was determined by measuring the con- 
centrations Cn,o and Cm, of water vapour and hydrogen respec- 
tively in equilibrium with the solid phase. The apparatus used 
was similar to that previously described by Wohler and Prager 
(A., 1917, ii, 455). Only three equilibrium consstauts were found, 
corresponding with equilibria Fe203/Fe,04, FcjOj/FeO, andFcO/Fc, 
the first being the highest, numerically, and the second the lowest. 
Since, in the experiments, a known weight of ferric oxide was 
taken, and known volumes of hydrogen for the reduction, the 
exact composition of the solid phase could be determined when 
the value of the equilibrium constant changed. In this way it 
was shown that the only oxides of iron formed, either by reduction 
or oxidation, were FeO, FcjOj, and FcjOj. The primary product 
ot oxidation of iron with water vapour at a red heat is FeO, not 
PcjOj as has been stated. The values of the equilibrium constants 
Ch.o/Ch, found were, for Fe203/Fe304, 7-5 at 350“ to 17-9 at 950°; 
tor re304/Fe0, DOS at 640° to 5-07 at 950°; for FeO/Fe, 0-62 at 
750° to 0-92 at 990°. 

Tlie same method was also applied to determining the valency 
scales of other metals. The highest oxide of cobalt, CojOj was 
too unstable for equilibrium determinations. The constants for 
C03O4/C0O and CoO/Co were determined at 450°, the values being 
respectively 34'4 and 13-5. No other oxide of cobalt was found. 
In the case of nickel, the oxide Ni304 wa.s too unstable for deter- 
minations to be made, since it begins to decomqiose below 450°. 
Ihe value of the constant for NiO/Ni is about 14-8 at 450°. The 
so-called nickel aub-oxide is a mixture of NiO and metal. From 
the fact that ^304 is less stable than C03O4 it may be concluded 
mat nickel is nobler than cobalt. 

hi the case of copper oxides, the following constants were found 
m 4.50“: CuO/CujO, 26-3; CujO/Cu, 16-7. In the manganese 
series only constant determined was Mn304/MnO at 450°, 34-6. 
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Stannous oxide was found to be a stable intermediate stage between 
tin and stannic oxide, both in oxidation and reduction, the values 
found being, for Sn 02 /Sn 0 , 13’6, and SnO/Sn, 7-9, both at 700', 
In the case of tungsten, between tungsten trioxide and the metal, 
only the bluiah-violct W 2 O 5 and the brown WOj were found as 
stable phases. The blue oxide with an oxygen value between 
WO, and WnO, is a mixture. The values found were, WOj/W.O 
about 16-0 at 800°; W^Oj/WO^, about 5-0 at 800°; WOg/V' 
about 1-0 at 950°. 

Applying van’t Hoff’s equation, the heat of reaction for the 
equation Fe+H 20 =Ve 0 d-H 2 was calculated from the temperaturt 
coefficient of the equilibrium constant, and agreed well with values 
calculated from other data. In the case of the reaction 3Fc0-.- 
H 20 =Fe 30 ., ] H,, the values calculated for the heat of reaction 
agreed le.ss well, probably because the temperature coefficient of 
the specific heat of the solid phase introduced an unknown error. 
The dissociation pressures of the different oxides were also calcu. 
lated. For the oxides of tin, iron, and tungsten at 1000° these 
are of the order of 10'^^ to 10"*^ mm. of mercury. E. H, R. 

New Apparatus for the Generation of Gas. F. Haei.v 
{Clem. Zeit., 1921, 45, 992).— The numerous forms of apparatus 
proposed for the generation of gases by the action of liquids on 
solids are essentially modifications of either Kipp's or Kusters 
apparatus. Kipp’s apparatus has the disadvantage that the acid 
cannot be completely exhausted, as it is in Kiister’a apparatu.s, 
owing to the mixing of used and fre.sh acid, whilst Kuster’s apparatus 
has the serious disadvantage that, after the gas generated while the 
apparatus is at rc.st has been delivered, for some time as much acid 
must be run in as the volume of the gas dclbored, and consequently, 
when the gas is shut off, the apparatus cannot contain the gas whicli 
continues to be generated. These disadvantages are avoided in the 
new apparatus, which may be of either the Kipp or Kiister type. 
In the former case, the connecting tube from tire upper globe is 
bent slightly to one side and reaches to the bottom of the middle 
compartment. The middle compartment is connected to the bottom 
compartment by a tube, the top of which is above the le\el of the 
liquid when the apparatus is not in use, and there is a fine orifice 
somewffiat below the upper end of the tube. F. M, R. 

Improvements in the Soxhlet Extraction Apparatus 
Oskar Hagex (Zeilxc.'-. angew. Che.m., 1921, 34, 499— oOO). An 
improved form of the extraction apparatus described pieviou^c 
(this vol., ii, 104). The syphon is done away with, and the condensca 
solvent dropping from the condenser is not allowed to acciiinua 
in the extraction cylinder, but Hows down immediately in 0 
flask after percolating through the material. By V 

extraction can be completed in from one-quarter to 
time required by the old apparatus. The outlet from ', 11 . 
chamber to the flask is bent into a convolution to serve e 
purpose of forming a trap to prevent the vapour trora ' , 

rising through the extraction chamber, and, by means 0 
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tap situated at the top of the loop, to provide a means of with- 
draffing for testing purposes a sample of the liquid leaving the 
extraction cylinder. All joints in the apparatus are ground in, as 
cren the best quality corks yield about 10% of their weight in 
extractive matter to ether. G. F. M. 


Inorganic Chemistry. 


Some Negative Attempts to Transmute Elements in 
accordance with Marignac’s views on the Unity of Matter. 

E. Bbineb (J. Chim. physique, 1921, 19, 9— 10).— The action of an 
electric arc on iodine vapour and a mixture of helium and hydrogen 
produced no transmutation, although the temperature.s of 'isolated 
molecules must have been very high. J. R. p. 

Rapid Method for Determining the Density of Air. Gregory 
P. B.txiER (J. AfHcr. Chetn. Soc., 1921, 43, 1317 — 1318).--A rapid 
method for determining the density of tlie air is described. A 
scaled globe of known exterior volume is weighed under aecurately 
known conditions of temiieraturc, pressure, and humidity. From 
the conditions, the derusity of the atmosphere at the time of weighing 
and the buoyancy effect of the air on the globe and weights may be 
calculated. By adding the difference between the buoyancy effect 
on the globe and on the weights to the weight of the globe in air, 
the weight of the globe in a vacuum is found . If the globe is weighed 
in the air under any conditions, the weight of air displaced by the 
globe in exce.s.5 of that displaced by the weights is readily found by 
.•subtraction from the weight in vacuum. This difference divided 
by the volume of the globe less the volume of the weights yields 
the atmospheric den.sity. Numerical examples illustrating the 
method arc given in the paper. J. F. S. 

Variations of Density of Atmospheric Air. A. Jaquekod 
and Ch. Borel {J. Chim. physique, 1921, 19, 11 — 28). — The 
variations of density of the air in the region of Neiichatel fallow the 
Loomis-Morley law. The amplitude of the variations does not 
usually exceed O’o — 0-6 mg. The same result, was found with air 
taken at 2000 — 5000 m., hut the amplitude is smaller. The ex- 
planation which assumes the presence of a heavy gas must be rejected 
and the. presence of ultramicroscopic dust is suggested. J. R. P. 

Oxidation of Sulphites in Concentrated Solutions. .1. 

-'ulbaceb and J. Pazookek {CUm. Lisiy, 1921, 15, 34—38).— 
koncentrated solutions of sulphites are oxidised slowly but quite 
constantly at ordinary temperatures by air. (Of. Lumiere and 
' ojuctz, Rev. gen. chim., 7, 15.) Cobalt sulphate, used in con- 
centrations of O'Ol and 0-(Xll molar, acts as a positive catalyst for 
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this reaction. Manganese and copj^r salts, contrary^ to results 
obtained with dilute solutions by Bigelow (A., 1898, ii, 606) and 
Schilow (A., 1903, ii, 276), are not very active catalysts in concen, 
trated solutions of sulphites. In concentrated solutions O-a 
molar, weak alkalinity of the medium intensifies the oxidation, ij 
no precipitation of the catalysing agent is caused. Strong alkalinity 
retards the reaction. An acid medium has a similar influence. The 
rapidity of the reaction increases with rising temperatures. 

Chemical Abstracts. 

Colloidal Selenium. A. Gctbier and R. Emsi andee (&, 
1921, 54, [B], 1974—1978; cf. Meyer, A., 1913, ii, 1048; Gutbicr 
and Emslander, A., 1914, ii, 264).— Very stable colloidal solutions oI 
selenium may be prepared by the regulated action of concentrated 
hydrazine hydrate solution on selenium dioxide or gray, crystalline 
selenium and subsequent dilution of the solutions with water and 
purification by dialysis. According to the degree of dispersivity, 
the colour of the solutions varies from intense yellow to blood.rcd. 
The dilute solutions are stable at the boiling point, but are readily 
coagulated by barium sulphate. The action of electrolytes at 
the atmospheric temperature has been investigated by mixing 
2A-solutions of them with an equal volume of the dialysed system. 
Hydrochloric, nitric, sulphuric, selenious, and acetic acids imme. 
diately change the yellow colour to pink which becomes violet and 
then blue when the mixtures are gently warmed, thus indicating 
the formation of coarser aggregates; ammonia has no effect, sodium 
hydroxide lightens the colour slightly, whereas barium hydroxide 
causes immediate separation. The coagulating effect of ealciuni 
chloride, barium chloride, and alum is particularly marked, whereas 
that of sodium and potassium chlorides is weaker. Sodium and 
potassium carbonates appear to increase the stability of the system. 
The preparations can be frozen to a blue ice, which melts with 
complete coagulation. With dilute solutions of selenium, on the 
other hand, the presence of hydrochloric acid, sodium carbonate, 
or potassium chloride exerts a protective effect in this connexiijii 
which is at a maximum at certain definite concentrations; witn 
more concentrated solutions, however, the optimum effect is 
definite. H-"' 

TeUurium Sub-h-oimde. A. Damiens (Comft. rend., 1921. 
173 , 583 — 586). — TeJurium sub-bromide, TeBrj, has now been 
isolated in the solid state, either by rapidly cooling its vapour in a 
dry vacuum to -80° or by reduction of the tetrabromide in riiv 
ethereal solution in the dark with finely-divided tcllunum Jne 
sub-hroraide so obtained is chocolate- brown in colour and ; 

posed by water. It is completely soluble in dry ether, hut i “ 
unstable in this solution, readily decomposing to 
and tellurium tetrabromide. In ethereal solution it . 

iodine to give tellurium ioddjromide, which is completely so ^ 
ether and crystallises from it in red crystals. 
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Oxidation and Luminescence of Phosphorus. II. Harry 
p Weiseb and Allen Garrison (.]. Physical Chem., 1921, 25, 
349—381 ; ef. this vol., ii, 248).— The Yarious types of emission of 
,ho.<phcirus during oxidation have been considered historically and 
’xpediucntally from four points of view, (i) emission of gaseous 
oils, (ii) emission of penetrating radiations, (iii) emission of 
ihosphorus emanation, and (iv) emission of light. It is shown 
hat gaseous ions are formed during the oxidation of phosphorus, 
ind these account for the conductivity of “ phosphorised air.” 
These ions furnish nuclei about which oxides and water vapour 
londense, forming clouds. The cloud arising from glowing phos. 
phorus contains equal numbers of po.sitive and negative particles if 
;he pho.sphorus is not charged. Ions are formed in the reaction zone 
ind may be withdrawn by an electric field against a current of air 
luffioierUly rapid to remove oxide particles and ozone. The deoom- 
)0,9ition of ozone and the action of ultra-violet light arc unimportant 
13 sources of ions in “ phosphorised air.” The luminescence of 
ihosphorus is not changed appreciably by charging the element. 
Radiations of the nature of radium ray.s, which penetrate black 
laper and thin metal plates, are not formed during the oxidation 
)f phosphorus. The darkening of a photographic plate protected 
tom light in the region of glowing phosphorus is due to the action 
if the vapours of hydrogen peroxide and phosphorous oxide. Ions 
irc formed during the oxidation of phosphorous oxide, and render 
;he surrounding atmosphere a conductor. No evidence was obtained 
if the formation of phosphorus emanation by the action of moisture 
m phosphorous oxide. The vapours of phosphorous oxide diffuse 
:eadily and when admitted to an electrometer they diffuse through- 
lut the instrument and condense on the insulation. On the addiUon 
if moisture, the condensed vapours are converted into acid, which 
lauses a leak across the insulation that is easily mistaken for a 
gaseous leak due to ionisation. The complete oxidation of phos- 
phorus takes place in two stages, phosphorous oxide being the inter- 
mediate product. The first step in the oxidation takes place 
mthout the emis,sion of light; the luminescence of oxidising 
phosphorus is due to the oxidation of phosphorous oxide. Ozone 
13 formed during the oxidation of phosphorous oxide. The failure 
1 certain investigators to detect the formation of ozone in this 
faction is due, probably, to the action of phosphorous oxide 
rapours with the iodine liberated in the usual staroh-iodide test 
phrphoras”™*^^ by the ultra-violet light emitted by gloaving 


Coagulation of .Arseuious Sulphide Sols by Cobaltic Com- 

1 M— i -1 Matsuko (J. CM. Sci. Tokyo, 1921, 41, 

of It relationship between the valency of a large number 

their power of coagiilatiug arsenic sulphide 
riimin!t 1 *'‘y®®t'ga-t€d. The effect of ageing of the sol was 

Ther u n ™ly such sols as had been kept for a year. 

Boliiti!.!,'* limiting concentration of the precipitating 

can be expressed by the formula Sji—S/X*, where Sy is 
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the equivalent concentration of an If valent ion, N the valency of 
the complex inn, and S the limiting concentration for a univalent 
ion. This equation may be theoretically deduced from Freundlich'j 
adsorption hypothesis. Using the coagulation method, the author 
has determined the valency of a number of simple and complex 
cobaltammine radicles. The chemical changes occurring in aqueous 
solutions of some of the eobaltammines has been followed by the 
coagulation method, and the results confirm those obtained in the 
spectroscopic and conductivity experimetita (of. this vol., ii, 644), 

J. F. S. 


Metallic Hydrides. I. Alkali Hydrides. Fritz Rpubaii 
and Edttaei) Michel {Helv. Chim. Ada, 1921, 4, 762 — 781).— Xlie 
pure bydride.s of sodium and potassium have been previously 
prepared in very small quantitic.s only (Moissan, A., 1902, ii, 136'; 
Ulster and Geitel, A., 1910, ii, 379 ; Keyes, A., 1912, ii, 027), The 
former is best obtained by leading a rapid stream of hydrogen 
directly on to the surface of, not into, the metal at such a tem. 
peraturc, above 350°, that a yellow glow is produced, and the 
hydride, is carried away as a white smoke, which is precipitated 
electrically and filtered through glass wool. At higher tempera- 
tures, the vapour is darker owing to volatilisation of metal. Sodium 
prepared from its azide had no special advantage for this purpose, 
and negative results were obtained by the use of sodium amalgam 
or solutions of the metal in liquid ammonia. Potassium hydride 
was prepared by leading the ga-s into the metal at 350°. In cacli 
ease, reaction was facilitated by the presence of metaUio calcmni. 
The hydrides of rubidium and caesium were prepared by heatings 
mixture of their carbonates with metallic magnesium in hydrogen 
at 650° for five days and at 580 —620° for three days, respectively 
(cf. Moissan, A,, 1903, ii, 367), when 90% and 48% of gas irae 
respectively absorbed. The following are given as the most trust- 
worthy of the results (in mm.) obtained from vapour tension, 
measurements at intervals of 10° over the ranges of temperatures 
indicated : Sodium hydride, 300 — 410°, 15, 17, 21, 27, 38, 

87, 136, 201, 285, 396, 540. Potassium hydride, 350^10°, 56, 
83’ 120! 168, 228, 308, 430; 415°, 509. Rubidium hydride, 37tt- 
450° 100, 114, 130, 160, 200, 253, 322, 424, .567. Cmsium hydride, 
340-^440°, 78, 100, 126, 160, 202, 256, 317 , 402, 503, 630, iSi, 
The results show thn' there is little or no difference between the 
values for the different hydrides, and that removal of hydro^ii 
causes some, but no extensive, diminution of the vapour tension, 
this being less the smaller the atomic weight of the metal, am 
according with the view that the metal is soluble in the hydride. 
Previous measurements (Keyes, foe. cd.; Troost and Hautefeiiille, 
A., 1874, 767) have really been carried out with such solutons. 
The results with rubidium and emsium are quoted with resene 
owing to the jmssibility of the presence of carbon dioxide from e 
magnesium carbonate formed, although this dissociates very s ov 
(Marc and Simec, A., 1913, ii, 708) ; soda-lime was employ 
dimmish its effect, and the recorded values were quickly attai 
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In the case of rubidium, a noteworthy peculiarity, confirmed by 
repeated observation consisted in a rapid increase of pressure up 
to 85 mm. at ZM followed by a very gradual increase to 100 mm 
at 370°, succeed!^ by rapid increases as above quoted The reason 
for this is left indefinite. The results obtained with csesiura hydride 
are further affected by the considerable sublimation of the metal 
itself, and also by its solution in the hydride. The latter effect is 
niueh more marked in the case.s of rnbidium and cajsium than in 
the others. The stability of the pure hydrides increases from 
ciesium to sodium. j 

Alteration of Sodium Carbonate in Air. Hugo Durovit/ 
{Ckm. Zeil., 1921, 890— 89^.— Commercial sodium carbonate 

almost always contains a quantity of sodium hydrogen carbonate 
the carbon dioxide and water required for the formation of the 
latter being derived from the atmosphere. After about thirteen 
days’ exposure to air, sodium carbonate may contain from 1 5 to 20”/ 
of the hydrogen carbonate; if the air is very moist and contains 
a largo quantity of carbon dioxide, the conversion of the carbonate 
into the hydrogen carbonate may be complete. To estimate the 
amount of .sodium hydrogen carbonate in sodium carbonate a portion 
of the sample should be heated in a tube connected with a iveizhcd 
calcium chloride tube; the los,s in weight of the two tubes is a 
mea.stiye of the carbon dioxide in the hydrogen carbonate, whilst 
the gam in ueight of the calcium chloride tube is due to the water 
formed by the decomposition of the hydrogen carbonate and to 
the moisture in the sample. p g 

Recrystalhsation of Metals. The Recrystallisatioa of Zinc. 
G. JIasko {Zeitsch MetaUk., 1921, 13, 425-d28).-On heating zinc 
hat has been cold-worked, primary recrystalliaal ion of the metal 
begins immediately throughout the mass without the formation 
otmc ei As the temperature rises to 170-190° nuclei of secondary 

2s ^ II Priiuary crystals and these 

in number and .size if the heating is continued 
loiUy until the whole of the metal coasists of a mass of large 

of forl^r tint I'l'ver the temperature 

to i f ‘“2 “ u 2® i'eating. If the metal is subjected 

orraat f "Ttital nuclei begin to 

lorra at 70 . [Cf. J. Soc. Chem. Ind., 1921, 737.V.] A. It. P. 

Revision of the Atomic Weight of Zinc. 'II. Electrolytic 
in 2inc Chloride. Gkegory Paul Baxter 
1242 ‘5oc.. 1921, 43, 

■jecn redetprn^- ' atomic weight of zinc has 

imomit of zfo means of the electrolylic e.stimation of the 

amc as ho ifiloridc. The method of analysis wa.s the 

■tte zinc twirkfo aniilysis of zinc bromide, 
dfctrolvticallv t ii* follows. Crude zinc was 

^iMbromdefndT^ eoiicentrated solution of 

't»s thof uahlv crystalline sponge of pure zinc thus obtained 

uglily washed with water and very dilute hydrobromio 
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acid It was then immersed in dilute hydrobromio acid and treated 
with bromine and kept cold. The solution was kept over zinc 
sponee for three months to remove any traces of cadmium which 
might be present. The purified solution was fractionally crystal. 
Used using only platinum apparatus. The purest crystals were 
fused in a platinum boat in a current of nitrogen and hydrogen 
bromide, dissolved in water, and filtered from traces of carbon 
and silica. The bromide was crystallised, dried, placed in a quartz 
boat and fused in a current of chlorine, and the product used in 
the analyses. As a mean of eleven analyses, zinc chloride was 
found to contain 47-970% of zinc, which gives a mean atomic 
weight 65-372, or, rejecting four relatively low values, 6o-3/9. 
This value is in good agreement with Richards and Rogers’s value 
66-376 (A 1896, ii, 21) and Baxter and Grose’s value 65-388 (!«. 
cit ) and indicates that the true atomic weight Ues very close to 
65-38. 


Revision of the Atomic Weight of Cadmium. V. Electro- 
lytic Estimation of Cadmium in Cadmium Sulphate Gkeoorj 
Pattl Baxter and Carp Henry Wmon (7. Amer Chm. Sot 
1921 -43 1230—1241 ; cf. A., 1916, ii, 327).— The atomic weight 
of cadmiim has been redetermined by the electrolysis of anhydrous 
cadmium sulphate. Preliminary experiments with the hydrated 
salt showed that this salt generally contains a small amount oi 
water above that required for the composition CdSOj, 8 /3Hj0, and 
since such water cannot be removed, the hydrated salt is unsuitable 
for atomic weight determination. Anhydrous cadmium sulphate 
was prepared from the hydrated salt by heating at 200 in a current 
of air for two hours when most of the water was removed, t e 
heating was then continued at 720“ in a current of sulphur trioside 
until a constant weight was obtained, ^ter coohng, the product 
was heated at 200“ for a further two hours to remove sulphur 
trioxide. The weighed sulphate was dissolved in water and electro- 
lysed using a we^hed mercury cathode in the same way as previ- 
ouTly described (loc. cit.). As the result of eleveu analyses the 
value 112-409 was obtained for the atomic weight, “trem 
values being 112-328 and 112-437. The mean of the whole of it 
work of the^ author and his collaborators on 
cadmium is 1 12-41 1 . The preliminary experiments on the hjdratea 
salt gave a value 112'04. 

Physical Chemistry of the Oxides of Lead. I. The Solu- 
bility of Lead Monoxide. Samuet, Glasstone (T., 192 , 
1689—1697). 

Theory of Smelting. IV. Equilibritim between Me^- 
pairs Sd Sulphur. The System: 

Sulphur. W. Gijbrtler and K. L. Meissner {MpMU. ^ ^ 

1^38-443 ; cf. this voL, ii, 402, 589). On me ting mangan 
with copper sulphide, the mass separates into 
consisting of manganese sulphide or of a euteoti 
and cuprous sulphides and the lower of pure pp 
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crystals of copper and manganese, according to the proportions 
of both metals present. Mangan^ has, therefore, a greater affinity 
for sulphur than copper, and this affinity is not modified by the 
addition of iron. Thus, if to a mixture of molecular proportions 
of cuprous sulphide with 1 atomic proportion of manganese iron 
i.s added, the mass separates into three layers, an upper layer of 
manganese sulphide, a middle layer of a eutectic mixture of man- 
ganese sulphide and iron, and a lower layer of copper more or less 
mixed with iron. ^ p 


The Constitution of the Alloys of Copper with Tin. III. 

and IV. J. L. Haughton (J. last. Metals, 1921, 25, 309 ^330' 

cl. A., 1915, ii, 689).— A study of the equilibrium diagram of copper- 
tin alloys containing 30 — 100% of tin at temperatures below 250° 
by thermal curves and electrical resistance measurements. The 
alloy with 30-5% of tin shows no arrest between 150° and 250° 
The alloy with 42-8% of tin shows a small arrest at about 190°! 
The alloy oontaining 57% of tin shows a greater arrest at 190° 
and in addition a slight arrest at about 210°. These two arrests 
are present in alloys oontaining 59% and 61% of tin. At 63“/ 
of tin the 190° arrest is pronounced and the 210° point has 
vanished and a new one has taken its place at 226°. As the per- 
centage of tin increases the size of the higher arrest increases and the 
size of the lower arrest decreases, being barely perceptible at 90“/ 
of tin. The 210° arrest is not affected by the rate of heating 
whereas on rapid heating the 190° arrest wiU not show. After the 
190“ arrest has been suppressed, slow heating or cooling curves do 
not again show it until the sample has been annealed, Repeated 
heafing and cooling at a slow rate bring about the disappearance 
of the 190 arrest frorn heating curves although it persists on the 
coohng curve. Electrical resistance measurements confirmed the 
presence of the 190° and 210° arrests. The arrest at 190° is caused 
by air aUotropic change in the e-constituent. The arrest at 226° 
19 due to the solidification of the eutectic of the constituents c 
and / The latter is a dilute solid solution of copper in tin. The 
author cannot explain the cause for the appearance of the 210° 
attest, A study of the equUibrium curve between 99 and 100% 
ot tin showed that the solubility of copper falls off slightly with 
increasing tin content but that the slope of the curve is too small 
« stiow in the equilibrium diagram. In an appendix the author 
^cusses the diagrams for copper-tiu aUoys suggested by other 

CHE.MICAL Abstracts. 


Stages in the Recrystallisation of Aluminium Sheet on 
sating, Birth of Crystals in Strained Metals and Alloys. 

I'PI 95 and Constance F. Elam (J. Inst. Metals, 

.for“4lt • J •'eating for long pcriod.s at 220°, and 

tarnisb: "t 250 and 300°, there is produced a general 

the the surface, a granular structure, and a blurring of 

new eS boMdaries of the flattened crystals. The birth of 
of recTOof iV”*- “ boundaries takes place in the early stages 

r «wystalhsation at 250° and 300°. The structure obtained 
cxx. ii. 24 
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after heating to structural equilibrium at a given temperature 
appears in two distinct forms. New evidence is ofiered in support 
of views already put forward (ibid., 1920, 24, 83) on the hirtli 
of crystals. Chemical Abstr.acts. 

The Function of Water of Crystallisation in the Behaviour 
of Permutite. A. Gusther-Sciiulze (Zeitsch. Ekklrodem., 
1921 27, 402 — 406). — Experiments were made to determine 

whether any relation exists between the water content of the 
permutite molecule and the mobility of the kation which is expressed 
in the readiness with which basic exchange takes place. The 
permutites of the alkali and alkaline-earth metals contain 5H,0, 
and it is generally considered that, of these, three are water cl 
crystallisation and two “ water of constitution.” Experiments 
with potassium permutite, however, showed that the water content 
varies continuously according to the temperature and vapour 
pressure, and no distinction was found between the first three 
Ld the last two molecular proportions. The molecular volume cl 
potassium permutite was determined at different stages of hydration, 
and it was found that the increase of volume per molecule ol 
water was in proportion to the number of molecules of water 
added So long as the pKrinutite is not completely dehydrated, 
it can again be fullv hydrated, but after ignition it takes up only 
about 1-25H,0. The permutites of the metals copper, silver, 
chromium, and aluminium, formed by basic exchange from alkali 
metal permutites, contain from 6 to SH^O ; but when formed from 
ignited potassium permutite the water deficiency of this persists 
in the derived permutites. The mobility of the kation does not 
appear to he influenced by the water content. Ignited potassium 
permutite conics to the same point of equilibrium with a silver 
nitrate-potassium nitrate solution, for instance, as the fully hydr- 
ated permutite, but equilibrium is reached much mom slowly, 
because, through partial sintering during ignition, the high porosity 
of the manufactured permutite is lost. The igmted 
very similar in character, in fact, to natural zeolites. E. II. L, 

Preparation of CoUoidal Manganese Dfoxide. Eust.ice 
,J CuY^ (J. Physical Chm., 1921. 25, 415^417).-Ihc older inctWs 
for preparing colloidal manganese dioxide “o 
new method is described. The method described ^ ^ 

a iV/20 solution of potassium permanganate to the boiler, 
and while stirring, a. ding concentrated ammonia 
rate of one drop every three to four minutes, until the solutio 
has passed through a wine-red tint and become ^cep cofioc cota 
At no period of the addition may the solution have a 
odour of ammonia. To test the complete absence of F 
in the brown solution, a little is treated with 
solution which coagulates the colloidal manganes 
leaves the characteristic colour of permanganate 1^^ 

contains only potassium hydroxide as an s„iutioii. 

substance has no action on the colloid, it may be ki* ** 

The colloid is immediately coagulated by contact with i P 



INORGANIC CHEMISTRY. 


ii. C4.3 


parchment, and is therefore purified with great difficulty. It 
catalyses the decomposition of hydrogen peroxide and is perfectly 
stable in the presence of alcohol of all concentrations. J. F. S. 

The Electrolytic Production of Sodium and Potassium 
Permanganates from Ferromanganese. Robert E, Wilson, 
tV. Gkesvu-LE Hoesch, and Mekhil A. Yoltz (.7. hid. Etir/. Chem., 
1931, 13, 763— 7(i9). — The electrolytic cells used in these experi- 
laeiits consisted of a cylindrical glass jar containing a porous 
porcelain cup which served as a diaphragm, the cathode (of 16-gauge 
sheet iron) being placed in the cup and the ferromanganese anode 
in the jar outside. Several cells were operated in series across a 
source of direct current. The circuit also contained an ammeter, 
a copper coulometer, and a rheostat. Arrangements were made 
for connecting a voltameter across any individual cell. The tem- 
perature of each cell was determined by means of a thermometer 
placed near to the anode. The average period of a run wa.s five 
hours. The tabulated results of a large number of experiments 
are. given, from which it is concluded that the most suitable anolyte 
is a solution of sodium carbonate, which gives a product uncon- 
taminated by manganese, with the best efficiency and with the 
least expenditure of power. The percentage of manganese in the 
mode has little effect on the cell voltage, but increased manganese 
wiitcnt gives increased current efficiency. IVith a manganese 
mode (Spiegeleisen), practically no permanganate is produced. 
The commercial ferromanganese containing SO";, of manganese 
ivas found to be the most suitable material. The presence of 
’opper in the anode produced practically no effect, but 2% of 
jobalt reduced the efficiency almost to zero. The operating tem- 
pcpature should not be higher than about 10 — 20”, as increase of 
:emperature lowers efficiency, increases the energy consumption, 
ind gives rise to a “ skin effect ” which cau.ses excessive voltages. 
.1 current density of about 6 anipere.s per sq. dcm. gives the minimum 
energy consumption. At lower current densities the current 
elSciency falls rapidly ; at higher current densities it rises slowly 
but is accompanied by increased energy consumption. The effect 
of all variables such a-s current den.sity, temperature, anolyte 
eomposition, etc., is stated to be due to the variations caused by 
these factors in the oxygen overvoltage, a high oxygen overvoltage 
being necessary for high current efficiencies in permanganate 
production. ,S, g, A. 

Magnetic Determinations of A^, A,, A,, and Aj Points in 
Steels containing up to 4-8 per cent, of Carbon. Torajir6 
Ishiwara {Sci. Rep. Tilioku Imp. Unii'., 11120, 9, 401 — 41u; cf. 
•I., 1913, ii, 222). — The specimens examined numbered twenty- 
tjo, and ranged from pure iron to steel containing 4-81% of carbon ; 

he determinations were made by a magnetometric method and 
Mb a torsion balance, and the heating was effected in a vacuum. 

e results obtained are discussed fully, and are recorded in tabular 
term and also in a series of graphs. W. P. S. 
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Chemical Equilibrium between Iron/ Carbon, and Oxygen 

A. Matsubaea {Trans. Amer. Inst. Mining Met. Eng., 1921, 
1051, 52 pp.). — An investigation of (1) the equilibrium composition 
of the gas phase in the system : carbon monoxide-carbon dioxide- 
iron (containing 2 to 30% of oxygen) at 873°, 1070°, and 117.oe 
(2) the equilibrium composition of the gas phase in the systems 
(o) carbon monoxide-carbon dioxide-ferrous oxide (saturated witli 
iron)-iron (saturated with ferrous oxide) and (6) carbon monoxide- 
carbon dioxide-ferrosoferric oxide (saturated with ferrous oxide)- 
ferrous oxide (saturated with ferrosoferric oxide) at several tem- 
peratures above 700° ; (3) the equiUbrium composition of the gas 
phase in the systems (a) ferrous oxide-iron carbide (Fe3C)-carbon 
monoxide-carbon dioxide, and (6) iron-iron carbide-carbon moii- 
oxidc-carbon dioxide in the range 700° to 1100°. The specific 
reactions considered are; (i) OFcjOg-t-CO 2Fe3O4-|-C0,; Ifi) 
FcoO.-f-CO =;== SFeOd-CO^; (iii) FeO-|-CO ==^ Fe+COj; (i7| 
2C0^C-1-C02: (v)3Fe-f2CO==erFe3C-fC02; (vi) 3FeO-t-5CO:ri 
FegC+dCOj. The first period of carburising reaction apparently 
coincides with the latter, and a later period with the former of the 
last two reactions. There exist also transient equilibria between 
reactions (v) and (vi), (v) and (iii), (vi) and (iv). Equilibria at 
lower temperatures occur with a more oxidised form of the solid 
phase than at higher temperatures, even in the same carburising 
reaction. The limits of temperature and pressure for carburisation 
are determined from the experimental data, Above 1300° the 
carburising action of carbon monoxide does not occur ; carburised 
iron is oxidised to a ferrous oxide-iron solid solution by pure 
carbon monoxide at 1 atmosphere pressure. Under 1 atmosphere 
pressure, at 1200°, neither carburisation nor deoarburisation occurs 
in pure carbon monoxide; between 1200° and 1300°, iron con- 
taining carbon is decarburised by pure carbon monoxide, but iron 
containing oxygen may be carburised by the same gas, both reac- 
tions ending in the formation of oxygenated carboniferous iron 
proper to that temperature. Between 695° and 1200° a gas 
sufficiently rich in carbon monoxide will carburise iron; below 
695 °, no true carburisation can occur. Chemical Abstk-acts, 


Stereochemical Configuration of the Aquo-triammine and 
Diammine Cobalt Complex Salts. Kichimatsu Matsuso 
(J. Coll. Sci. Tokyo, 1921, 41, 10. 1—27).— The absorption 
spectra of aqueous solutions of the eighty aquo-oobaltammines, 


Co“g^}en2]ci3.2H20; 


[CoChHoUlafiMMalaJSU,; lUOUangUlixnjjjlCl ; 

[CoCl2(HjO)2{NH3)2]s6,H ; [CoCl(H20)3(NH3)2]S04,H,0 ; 

r . si » i-^ t-rr A~«\ /HTTT \ n/~ii 


[CoCl2H20(NH,' 


[Co(H20)3(NH3)3]Cl3 and [Co(H29)3(NH3)3]Cl3 have been measm d 
over a wide range of concentrations. The electrical conduct y 
of six complex cobaltammines has also been measured at 
over periods of time. From the results, the author has e 
strated the influence of the co-ordinated water molecules ™ , 
drawn the configurations of the compounds. Two new co p 
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compounds have been obtained, trans[Co(NH3)3(H20)3]CL and 

the complex compound prepared by Werner 
by the ^ f’**?*® ™ t^°*^'^^204(NH3)3] and given the 

forniuM shown to have the formula 

fCo(NH3)3C204N03]H20. An explanation is given of the sub- 
stitution reactions of the cobaltammines which have the radicles 
of strong acids in the nucleus. J P 8 

Reduction of Chromium and other Difficultly Reducible 
Metals. H. C. P. Weber (U.S. Pat. I37303,S).— A mixture of 
chromic chloride with iron is heated to 700—1200° to produce 
metallic chromium and volatilise ferric chloride. Tf the iron is 
sufScicntly finely divided, and a relatively low temperature is 
employed for reduction, chromium is obtained in finely divided 
form. If solid pieces of iron are used and the reaction take.s place 
below the m. p. of the metals, a coating of chromium is formed on 
the pieces of iron. If an excess of iron i.s used and a sufficiently 
high temperature is employed, an alloy of chromium and iron is 
produced. Chlorides of chromium and nickel may he similarly 
reduced together to form aHoy.s or mixture.s with each other or 
with iron. Chromic oxide may be employed and converted into 
chloride with carbon and chlorine. The reduction process is 
advantageously carried out in a vacuum or in an inert atmosphere 
such as nitrogen. Other refractory metallic compounds may be 
similarly reduced and alloyed. CHE.Mic.aL Abstracts. 

The Existence of Gaseous Hydrides of Zirconium and 
Thorium. Rodert Schwarz and Erich Koxrad (Per., 1921, 
54, [5], 2122 — 2133). — The question of the existence of gaseous 
hydrides of zirconium and thorium is of considerable theoretical 
iiitere.st since, if producible, they would form exceptions to Paneth’s 
rule (A., 1920, Li, 749). The preparation of volatile zirconium 
hydride has been claimed by Winkler (A., 1890, 1375), but denied 
by Wedekind (A., 1913, ii, 225), whilst preliminary experiments by 
hchivarz and Deissler (A., 1920, ii, 42) have pointed to its existence. 
The formation of thorium hydride is recorded by Klauber and von 
.lellenheim (this vol., ii, 200). Evidence of the existence of either 
hydride in the gaseous state has not now been obtained. 

The experiments are performed by heating the pure respective 
dioxides with magnesium, dissolving the products in hydrochloric 
Witt and leading the volatile and dried gases, mixed with purified 
yorogen, through a series of strongly ignited Marsh tubes. In 
general, small mirrors are thu.s obtained which are shown to consist 
mainly of silicon ; the presence of zirconium or thorium could not 
oe detected in any instance. In addition to silicon hydride, the 
anT^sulph contain small amounts of the hydrides of phosphorus 

in meconium dioxide by magnesium is effected 

Kiir A "'hich have been coated internally with an electro- 

so aiT provided with a gas-tight iron Hd 

TT of hydrogen may be passed through the 

us. Unsatisfactory results were obtained by heating the 

24 * 
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mixture ia an electric furnace at about 1000°, or by its iimif 
by a thermite mixture or magnesium ribbon ; satisfactory proda? 
are most readily secured by gradually heating the crucible almo t 
to bright redness in a blowpipe flame. 

All possible precautions are taken to eliminate the possibilit» 
that the non-observance of a metallic mirror is due to the raniJ 
decomposition of the gaseous hydrides before reaching the Marsli 
tubes. H. W 

Revision of the Atomic Weight of Bismuth. Analysis of 
Bismuth Chloride and BismuUi Bromide. 0. Honigschwh 
and L. Bieckbubach [Ber., 1921, 54, [S], 1873—1904),— A detaileii 
account of work of a portion of which a preliminary notice ha- 
appeared previously (A., 1920, ii, 549). 

Two series of analyses of bismuth chloride and bismuth bromide 
are recorded. In each series, the atomic weight is determined by 
two independent methods (gravimetric estimation of the ratio’s 
BiClj : 3AgCl and BiBr, : 3AgBr and nephelometric measurement 
of the silver haloid dissolved in the mother-liquor and determination 
of the ratios BiClj : 3Ag and BiBrj : 3Ag by gravimetric titration 
with the aid of the nephelometer). In all, eight independent mean 
values of the atomic weight are thus obtained, the extreme resoitj 
being 208'98 and 209-00 on the basis Ag= 107-88. The vaiues 
recorded previously (foe. cit.) are rendered slightly uncertain bv 
the subsequent observation that the silver condensing tube used 
in the preparation of the water was giving small amounts of silver 
ions to the latter (the effect is due to acce.ss of laboratory air) and 
it is only possible to apply an estimated correction. The mean 
value of the six mo.st trustworthy series is Bi= 208-997 or, in round 
numbers, 209-00; this is a unit higher than the international 
value previously adopted. The titrimetrio values are regarded as 
the most trustworthy of all and twenty-two estimations are recorded 
in which the maximal difference in the individual results is 0-3 : lOOOO. 

The experiments differ from the usual type of such determinations 
in that, in order to prevent the precipitation of basic bismuth salts, 
it is necessary to precipitate the chloride and bromide in 3A’- and 
2A-nitrio acid solution respectively. This is shown to be without 
effect on the results by a special series of experiments with potassium 
chloride and bromide. 

The recent determinations of the atomic weight of bismuth by 
Classen and Ney (thi. vol., ii, 119), which depend on the conversion 
of bismuth triphenyl to bismuth oxide, are criticised in detail 
Recalculation of their figures on the basis C=12-001 and H=l-00ii 
gives the value Bi=208-91d;0-05 which is 0-09 lower than that 
calculated by the authors. H. ff. 

Thermal Analysis of Binary and Ternary Alloys. J 
WuESCHMiDT {Zeifsch. Phjsik, 1921, 5, 39 — 43). — Cooling 
heating curves have been produced for bismuth and tin and for 
a series of alloys of these metals. Similar experiments have been 
made with a series of ternary alloys of lead, bismuth, and tin iM 
curves produced. The temperature meaBurementa were made 
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an iron-constantan thermo-element which made it possible 
to with much smaller quantities of material than is usual. 
In the case of the binary alloys, the complete fusion diagram has 
been produced, and from this it is shown that the eutectic contains 
46 atom % of bismuth and melts at about 140°. In the ternary 
alloys, the eutectic corresponds with the composition Bi.SnPb and 
has a melting point of 96°. j p g 


The Chemical Properties of Alloys. G. Ta.m.manx (Zeitsch. 
tlilcdlk., 1921, 13 , 406 — 419). — The physical properties of binary 
lUoys of two metals that form a continuous series of mixed crystals 
;haiige regularly with varying composition, whereas their chemical 
properties alter suddenly when the atomic ratio of the metals 
present exceeds a certain well-defined limit, which may generally 
le expressed as n/8, where n, usually 1, 2, 4, 6, 7, rarely 3 or 5, is 
he number of atoms of the more noble metal in every 8 metal 
items. Thus, yellow ammonium sulphide blackens, in the cold, all 
illoys of gold and copper containing less than 50-8% of gold (atomic 
atio 2/8 Au), whilst those richer in gold remain untarnished even 
iter four years’ immersion. Again, nitric acid dissolves silver com- 
iletely from gold-silver alloys containing less than 52-.7% of gold 
atomic ratio 3/8 Au), partly from those containing 52-5— 64-6 of 
;cld (atomic ratio 4/8 Au), and not at all from those still richer in 
;ol(i. Under certain conditions, however, these limits disappear, 
hat is, the atoms of the active component tend to diffuse towards 
he surface, so that the surface layer falls below the limiting value, 
n the case of the copper-gold alloys, hydrogen sulphide, which 
pehaves like ammonium sulphide at ordinary temperatures, attacks 
iloys richer in gold as the temperature rises, until, at 140° it blackens 
;old containing only 1% of copper. A theoretical explanation 
if the above phenomena, based on the .space-lattice theory of crystal 
tructure, is given in some detail and it is shown that it is possible 

0 prepare what may be called “ space-lattice isomerides ’’ of alloys 
itich behave differently topvards certain reagents. The elcctro- 
hemical behaviour of binary alloys may be studied by measuring 
he EJI.F. of cells in which the electrolyte consists of a salt of the 
Qore electronegative metal from which one pole is made, whilst 
he other pole consists of different alloys of the two metals. If the 
lompositiou of the latter is plotted against the voltage of the cell, 
he curve obtained for alloys in which inner diffusion takes place 
or example amalgams) resembles a hyperbola concave to the axis 

composition, whilst that obtained for alloys of metals (for 
xample copper-manganese) which form a continuous series of mixed 
rj stais, m general, runs close to this axis until a certain definite com- 

1 a ion 18 reached, when it rises in a nearly perpendicular straight 

■on . ° ^ voltage equal to that of a cell in which the poles 

iZ/ul of gold with copper and 

Demo somewhat differently, the curve rising, after a certain 
Lh»Ki ® j “ straight line to the value for pure gold, 

iurfoTO I?*’ deposition of a fine film of the latter on the 

01 the alloy. Two metals that form several series of mixed 

24*— 2 
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crystals, for example zinc and copper, give alloys that yield sitoiljt 
curves as manganese-copper except that there are a number of 
steps corresponding with the various series of mixed crystals, but 
these steps do not correspond with any definite atomic ratio between 
the elements. Gold-copper alloys, when made the anode in an 
electrolytic cell containing a solution of copper nitrate are attacked 
without evolution of o.xygen if the gold does not exceed 29 atoms “j, 
copper dissolving from the alloy. If the voltage applied to a cell 
containing a large copper cathode and a small anode of gold-copper 
alloy is plotted against the amperage the curves for alloys containing 
25—28 atoms % of gold show a peculiar double hump, whereas tie 
curves for alloys richer or poorer in gold are roughly parabolic. 
The decomposition voltage of the scries is at a maximum at nearly 
the same limit as that at which there is no attack by reagents, 
namely, 27 atoms % of gold, while polarisation is first noticeable 
with alloys containing oi) atoms % of gold. Alloys containing 
more gold behave in these two cases like pure gold. A. R, P. 


Preparation of Pure Platinum. Edward Wichees (./ 
Amur. Chem. Soc., 1921, 43, 1268— 1273).— Commerical platimini 
containing small quantities of rhodium, palladium, and iridiunn 
as well as considerable quantities of iron, tin, and other base metak 
may be freed from these impurities by four precipitations of 
ammonium platinichloride. The method consists in dissoh-ing the 
metal in aqua regia, removing excess of nitric acid by repeated 
boiling with hydrochloric acid, and precipitating with ammoniuni 
chloride. The' precipitate is drained on a Buchner funnel, stined 
with a considerable volume of 15—20% ammonium chloride 
solution, and again drained ; the washing is repeated three or four 
times. The washed precipitate is dried and ignited to sponge in an 
electrically heated muffle. The .sponge is dissolved in aqua regia 
and the process repeated four times. The amount of platinum left 
in the mother-liquor does not exceed 1% of the platinum in the 
precipitate. The final precipitate is ignited to sponge in a porcelam 
dish over a gas fianie, and during the reduction a current of hydrogen 
is passed over the material. The metal was tested for purity by 
spectroscopic examination and by measuring its thermo-electm 
effect against a very pure piece of Heraeus wire. The samples were 
melted to huttoas in an oxy-hydrogen flame on a Kmc slab and tiien 
rolled into ribbons. Spectroscopically, the ribbons were found to 
be pure except for caicium and very often magnesium, but those 
which had been prepared by melting in an oxy-hydrogen flan 
containing an excess of oxygen contained less calcium than ■ 
prepared in the ordinary oxy-hydrogen flame. Strips prepare 
the ordinary oxy-hydrogen flame gave considerable positive . 
values against the standard wire at 1200 , whilst those prej 
the flame with excess of oxygen gave negative vfflues ^ 

2 to 38 micro-volts in the same circumstances. „ ijme 

up by the platinum is in the form of metal, produced fro 
by the reducing atmosphere. The amount of calcium “Py 
the platinum in the above-named circumstances can be consid 
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and in some oases the platinum is alkaline tu moist litmus. The 
purest platinum yet obtained contains 0-0001 % of calcium. Melting 
platinum in magnesia crucibles yields a brittle button which cannot 
be rolled, and in some cases the button was found to contain 3 % of 
magnesium. J, F. S. 


Mineralogical Chemistry. 


Nature and Chemical Composition of a Mineral containing 
Cobalt found at Katanga. A. Schoep (Bull. Soc. chim. Belg., 
1921, 30, 207 — 212). — A colloidal mineral allied to heterogenite 
(cf, Frenzel, this Journal, 1872, 900) and .schulzenite (cf. Maertens, 
1896, ii, 529) and resembling lustrous anthracite in appearance, 
has been found embedded in malachite and chrysooolla. Its 
composition is estimated to be 3 Co 203 ,CoO,Cu 0 , 7 H 20 . J. H. L. 

The Chemical Constitution of Silicates. B, (Jossner 
[Centr. Min., 1921, 513 — 525). — A theoretical papier in which the 
author criticises current views as to the chemical constitution of 
silicates. Attempts to deduce from the chemical composition of a 
crystal the constitution of the corresponding molecular unit are 
fallacious. It is pointed out that the existence of complex silicates 
such as {Si 04 ) 3 Al 2 Ca 3 or Si 30 gAlK at the high temperatures at which 
the corresponding minerals were formed is most improbable, for 
the chemical affinities of silica and alumina, slight at ordinary 
temperatures, diminish at higher temperatures. For similar 
reasons, the existence in minerals of such radicles as — Al(OH )2 is 
inconceivable. The author endeavours to show that, by postulating 
the existence of a limited number of simple stable silicates as mole- 
cular individuals, the structure of more complicated silicates can 
be explained as due to combinations of the.se. Without inquiring 
further into the nature of the combination of the simpler siUcates 
(0 the more complex forms, this may l)e taken as similar to tliat 
existing in crystalline double salt or in solid compajunds containing 
water of crystaUksation. The siiupile silicates postulated are 
SiOjXaj, SiOgCa, SiOgMg, Si 02 ,Al 203 , all of which can readily be 
obtamed crystalline from the fused state. When water is a con- 
stituent of a siheate crystal, hydro-xide-s such as Ca(OH )2 or MglOHjj 
may be present, and, in certain circumstances, AlOjH and AIO 3 H 3 , 
both of which are known in the crystalline state. From this point 
ol view the composition of several groups of minerals is discussed, 
particularly in relation to the paragenesis of the minerals. As an 
example, in the alkalHime-silicate group, the following formulae 
are given; ^ ‘ ® 

Nepheline, Si03Na2,[Si02.Al203]. 

Leueite, Si03K2,[Si02,Al203],2Si02. ' 

Albite.Si03Na2,[Si02,Al203],4Si02. 

Anorthite, SiOaCa.piOj.AlaOa]. 
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These formula bring out well the relationships between the mineral 
of this group, the fact that nepheline and anortmte have sharp 
melting points whilst the others have not, and that the formct 
pair more readily undergo secondary changes in geological deposits, 
for instance into zeolites, whilst the others behave as if they were 
in a sense more saturated. A number of other groups are aW, 
discussed. 


Analytical Chemistry. 


Application of the Immersion Refractometer to the 
Analysis of Aqueous Salt Solutions. 0. A. Clb.mbss {J. Ini 
Ena Chem , 1921, 13, 813 — 816 ).— Where w=the refractive index of 
solution r(„=thc refractive index of water of the same temperature, 
and c=grams of solute per 100 c.c. of solution, n-njc is a coiistaiit. 
Thus clii—n„ is a constant independent of temperature, unaHected 
by dissociation, liydration, and the formation of complexes, and 
represents the percentage by volume of salt equivalent to one 
division of the immersion refractometer scale. In determining the 
composition of mixtures of two salts, one of known and the other 
of unkno'V'Ti concentration, the percentage of the salt of knoTO 
concentration divided by its refractive index factor gives m terms 
of scale divisions the effect on the refractive index due to tkt 
salt, and when this value is subtracted from the refractive index 
of the solution containing the two salts the remainder is equivalent 
to the refractive index of the salt of unknowii concentration in 
aqueous solution. In tl.e case of two salts both of unknown eon- 
centration the specific gravities of the solutioM d, were taken 
and the value for water was .subtracted. The values thus obtamed 
were then divided by the respective percentages >iy 
in the solutions. This gave Ihc effect of the addition of 1 o 
salt on the density of the solution at 20 . The density of a 
solution at 20“ can be calculated by means of the «“tors thu 
obtained by multiplying the factor by the percentage of the sal 
and adding^he v^lL for water. By reversing the 
percentage of salt cm be found from the ^^sity. Knoiwng t 
refractive index of the solution and of water at Bie 
perature and df of the solution, the percentage by “ ^ 

two salts can be calculated. ' n w 

Measurement of fydrogen-Iou ^nce^raU^^^^^ 

Mosibe-Wiluams {Analyst, 19^1- it for the 
of an inexpensive apparatus, and the method , ..^(jg^cribed. 
determination of hydrogcn-ion concentrations, are fu y^ ^ ^ 

Joint Use of Two Indicators in t^e Titration of 
Bases. J. L. Lizirs (Analyst, 1921, 46, 3oo-356).-The )o 
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use of two indicators, phenolphthalein and thymolphtiialein, or 
methyl-red and thymol-blue, is recommended, since the colour 
changes denote either the approach of the end-point or the fact 
that the solution has been over-titrated. W. P. S. 

Rapid Electroanalysis. Arnold Lassieue {Bull. Soc. ehim., 
1!)21, [iv], 29, 754 — -780). — A lecture delivered before the French 
Chemical Society. W. G. 

System of Qualitative Chemical Analysis for the Positive 
Ions. Claud H. Hall, jun. {Trans. Maryland Acad. Sci., 1921, 
4, 8 pp.).— The first group is precipitated by means of red phos- 
phorus instead of by hydrochloric acid ; this serves to bring mercury 
entirely into this group and places all the lead in the second group. 
Thioacetic acid, or its ammonium salt, is substituted for hydrogen 
sulphide. Tn the alkali group, potassium is precipitated by means 
of phosphotungstio acid. Che.mical Abstracts. 

Estimation of Water in Alcohols. Th. Wieth {Zeitsch. Deut. 
Oel-Fett. Ind.i 1921, 41, 147). — Five grains of calcium hydride 
granules are covered with xylene (previously dried by boiling with 
calcium hydride) and the mixture is boiled for a moment to dislodge 
air adhering to the solid ; the air in the Bask is displaced by pure 
dry carbon dioxide. The gas is admitted for the duration of the 
estimation at the rate of two bubbles per second, the exit tube 
leading to a gas burette containing potassium hydroxide solution, 
.tboiit 1 gram of the alcohol is drawn into the flask from a dropping 
funnel which is rinsed with 10 c.c. of xylene. Evolution of hydrogen, 
half of which is derived from the water according to the equation : 
CaH 2 -|-H 20 -|-C 02 =GaC 03 -f 2 H 2 , begins immediately and is com- 
plfte in forty-five minutes. Chemical Abstracts. 

Estimation of Hydrogen Peroxide by means of Stannous 
Chloride. Sven Hasselskoo {Svensk. Farm. Tid., 1921, 25, 
149—150). — The method for the estimation of hydrogen peroxide 
proposed by Bertalan (.A., 1916, ii, 393) is not trustworthy. There 
ii not a single simple reaction involved as claimed. Two other 
liy-reactions occur, namely : SnClj-frH.Oj ^ SnOg.xHjO-l-Cljd- 
(i'-2)0 (see Zsigmondy, “ Kolloidchemie, ’ 2nd. ed.) and 2HCl-i- 

BjOj — ^ 2H20-1-C12. CHEMIC.AL ABSTRACTS. 

Electrometric Estimation of Bromate, Dicliromate, Nitrite, 
and Chloride Ions. W. S. Hbndmxson {J. Amer. Chem. Soc., 
1921 , 43, 1309 — 1317 ; cf. this vol., ii, 411).— A continuation of 
previously published work {he. cit.). In the present paper the 
author describes methods for the electrometric titration of the 
ions named in the title. The estimation of bromate by means 
or iodide arid permanganate is effected as follows : A known 
esoess of iodide solution is placed in the titration vessel, which is 

ted with a mechanical stirrer and electrodes as previously 
and sufBcieut lOiV-sulphurio acid added to 

a e the solution double normal. The bromate solution is then 
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added in such quantity that about 10% of the iodide is undecom 
posed. The stirrer is started rotating and when the voltage becomes 
steady the excess of iodide is determined by titration with potassium 
permanganate solution. The method is accurate to about 0'08"/ 
and the presence of chlorate ions does not influence the results' 
Iodide solutions may be directly titrated with bromate solution iii 
the presence of 2iV-sulphuric acid, the end-point being given bv 
an abrupt rise in the potential. This estimation may be carried 
out in the presence of hydrochloric acid, but difficulties are 
experienced which become greater the greater the concentration 
of the acid and so render the accuracy in the presence of hydrochloric 
acid doubtful. Iodide may be titrated directly with dichromate in 
sulphuric acid solution of at least 2A^ strength, if sufficient time is 
allowed near the end point for the reaction to come to an end. 
The results in this case are accurate to 1 in 6300. Nitrous acid 
and nitrites may be estimated by the electrometric method as 
follows : a known quantity of permanganate solution is placed in 
the titration vessel, diluted, and lOiV -sulphuric acid added to make 
the final concentration l-5iV. The stirrer is started and the nitrite 
solution slowly added so as to leave 5 — 10% of the permanganate 
unchanged. After about live minutes a known excess of iodide is 
added and the titration completed with permanganate solution, 
The method gives results which are equally as good as those 
obtained by the method of Laird and Simpson (A., 1919, ii, 242). 
The chloride ion may be estimated by adding an excess of a silver 
solution to a solution of chloride and stirring to coagulate tlui 
precipitate. The solution is filtered into the titration ve.s.5fi, 
acidified with sulphuric acid, and treated with a measured oxcc.<s 
of iodide solution, the exce.ss of which is determined by titration 
with permanganate. The results are accurate to 1 part in 750 
parts, but the method is involved and long. J. F. S. 

Estimation of Sodium Hyposulphite. James Hoi.iixfis- 
WORTH Smith (J. Amer. Chan. Soc., 1921, 43, 1307 — 1308).— The 
methods available for the estimation of sodium hyposulphite have 
been critically investigated with the object of finding a fairly rapid 
method in which it is unnecessary to ensure complete absence of ah 
The methods due to Ekker (A., 1894, ii, 479), Fradiss (A., 1900, ii, 
44), and to Knechtand Hibhert (A., 1907, ii, 907) are all considered to 
he unsatisfactory for various reasons; the two first-named methods 
because of the action jf air on the solutions and the last method 
because of the difficulty of preparing pure solutions of dyes of known 
composition and of the difficulty of working with solutions of 
titanous chloride. The method of Seyewetz and Bloch (A., 1906, 
ii, 578), which consists in oxidising the hyposulphite with an 
ammoniacal solution of silver chloride, according to the equation 

Na2S2O4+2AgCl+4NH,-OH=2(NH,)2SO,,-|-2NaCT+2H20+2Ag, 

and weighing the silver, suffers from two defects, first the gravi- 
metric procedure is slow, and, secondly, it is inaccurate 
the insoluble impurities in the hyposulphite which are held bac ) 
the filter and weighed with the silver. The author has tuon e 
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the process so that both defects' are removed. The precipitated 
silver is filtered oil a Gooch crucible, washed, and then dissolved in 
nitric acid and estimated by the Volhard method. A further modi- 
fication consists in using silver nitrate instead of silver chloride. 
The modified method is carried out as follows : about 04 gram of 
liyposulphite is placed in a dry beaker and treated with double the 
tfeoretical quantity of ammoniacal silver nitrate solution. The 
hyposulphite dissolves and is immediately o.vidised with the preci- 
pitation of metaUic silver. The solution is filtered without warming 
on a Gooch crucible and washed free from silver salts with an 
ammoniacal solution of ammonium nitrate. The crucible is then 
placed in nitric acid and warmed to dissolve the silver and remove 
nitrous acid. The crucible i.s removed and the solution diluted and 
titrated with O-lA-potassium thiocyanate solution. The method 
is rapid and accurate. J. F. S, 

Estimation of Hyposulphites and Sulphoxylates. Edwaed 
L. Hsiwie (Ame.r. Dyestuff Reporter, 1920, 7, ii, 12 -13).— Sodium 
hyposulphite is added in small quantities from a weighing bottle 
to oO c.c. of a standard ammoniacal cupric sulphate solution (50 
grams of crystallised copper sulphate and 10 c.c. of concentrated 
ammonia solution per litre) in a flask through which carbon 
dioxide is being passed, until the blue colour is discharged. The 
roaction is : 2CuS04-f4NH3-|-Na2S204 I-2II2O— Cu2S04-fNa2S03+ 
(XHjljSOj-f (NH4)2S04. An excess of hyposulphite causes the 
precipitation of 1/13'88 part of metallic copper. For the analysis 
of sodium sulphoxylate-formaldehyde (“ formopon ”), standard 
copper solution is added from a burette to an aqueous solution of 
the salt through which carbon dioxide is being passed ; the liquid 
is then boiled and the copper solution added until a faint permanent 
lilue colour is obtained. Basie zinc sulphoxylate-formaldehyde 
('■ formopon extra ”) is dissolved in ammonia solution and estimated 
in a similar manner. Chu-mioal Abstracts. 

New Procedure for the Estimation of Arsenic. J. Cribier 
(J.Pliarm. Chim., 1921, [vii], 24, 241 — 246). — A new method for the 
estimation of small quantities of arsenic is based on the intensifying 
and fixing action of potassium iodide on the yellow stain produced 
by hydrogen arsenide on mercuric chloride paper. The similar 
^ains produced by the hydrides of antimony, sulphur, and phos- 
phorus are not altered by potassium iodide in this way. The 
apparatus consists of a flask fitted with a vertical glass tube about 
0 mm. in diameter and 30 cm. long. The lower end in the flask 
la draivm out to a dropping tube and a hole in the tube about 2-5 cm. 
ram the bottom allows of the egress of the gas. For each estima- 
»n 8 grams of zinc and 60 c.c. of 20% sulphuric acid are used, and 

e arsenical solution, previously oxidised with a few drops of 
nn convert sulphur and phosphorus compounds into 

n-«ducible sulphuric and phosphoric acids, is added aU at once, 
ab*^ vertical tube contains a roll of filter-paper 

the" absorb moisture carried up mechanically by 

gas. The upper part of the tube contains the baud of mercuric 
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chloride paper, 5 mm. wide and 12 — 15 cm. long, extending to 
within 2 cm, of the roll of filter paper. When all the arsenic is 
eliminated, which requires two to six hours or more, the test papci 
is treated with 10% potassium iodide solution, which, acting speci- 
fically on the arsenic stain, turns it brown, and at the same time, 
renders it permanent to hght and moisture. The arsenic is 
estimated by comparison of the stain with those produced by 
known quantities under similar conditions. From 0-0001 to 01 mg 
can be estimated by the above procedure. G. F. M. 


Estimation of Carbon in Aluminium. J, A. Soxdai 
(Tiiskr. Kern., 1920, 17, 234 — 245).— Carbon present in commerciil 
aluminium in amounts varying between 0-012 and 0-087% is esti- 
mated by treating the metal with potassium cupricbloride solution 
and weighing the residue, or hy an adaptation of the wet combustion 
method of Corleis. The oxidising mixture used contained for each 
gram of aluminium : 15 c.c. of saturated copper sulphate solution, 
15 0 . 0 . of saturated chromium trioxide solution, and 60 o.c. of a 
mixture containing by volume 5 parts of saturated chromium 
trioxide solution, 75 parts of concentrated sulphuric acid, 20 parts 
of phosphoric acid, and 35 parts of water. Solution of the metal is 
rapid and may be too violent at first. Chemical Abstracts, 


The Detection of Carbon Monoxide. C. R. Hoover (J. hi. 
Eng. Chem., 1921, 13, 770— 772).— An absorbent, Hoolamite, 
{U.S. Pats. 1321061 and 1321062), is prepared by mixing together 
fuming sulphuric acid .53 — 56%, iodine pentoxide 10-6 12%, and 
pumice atone 33—35%. At ordinary temperatures carbon mon- 
oxide is oxidised by this reagent to carbon dioxide with liberation of 
iodine, which reacts with excess of sulphur trioxide present to form 
a green substance indicative of the presence of carbon monoxide, 
and varying in depth with concentration of the gas. On keeping 
or gentle warming the green colour changes to orange-yellow and 
disappears in a few minutes, so that the material can again be used 
as before until about twelve tests have been made, when the colour 
produced becomes irregular and a fresh supply of reagent is requue . 
The colour produced in each case is compared with pexinaiieiit 
colour standards prepared from a mixture of pumice granuks will 
normal and basic copper acetate and chromium oxide. By tlii> 
means a quantitative test can be made with gas mixtures contaming 
up to 0-2% of carixn monoxide. Interfering gases such an uii^ 
saturated hydrocarbons, hydrogen sulphide, etc., arc first 
from a gaseous mixture hy passing it through dry active chan . 
0-005% of carbon monoxide can be detected by passing oUU ■ 
gas mixture through a glass tube containing a column 
50 mm. x5 mm. ' ' ‘ ^ "o n = 


ign a glass luut? — . , 

A pocket size detector apparatus has been cle^bea. 


Estimation of Potassium m the Presence of . 

Magnesium, Sulphates, and Phosphates. H. 

(A'^yst, 1921, 46, 354^55).— The method depends on t 
bility of sodium and magnesium perchlorates, suip > 
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phosphates in methyl alcohol. The mixture of the salts is evaporated 
with perchloric acid until fumes of the latter are evolved, a further 
quantity of the acid is added and the evaporation repeated, and 
100 c.c. of methyl alcohol are then added. The mixture is boiled 
for about one hour, cooled, and, after eighteen hours, the potassium 
perchlorate is collected on a lifter, \va.shed with 50 c.c. of methyl 
alcohol containing 5% by vol. of perchloric acid, d M2, and then 
with 20 c.c. of ethyl alcohol. W. P. S. 

Estimation of Sodium, Potassium, Calcium, and Mag- 
aesium, in Urine, Blood, and Fmces. Frederick F. Tisdall 
ind Benjamiu Kramer (J. Bid. Chem., 1921, 48, 1—12, and 
123 - 232 ), —Rapid (lethods are described for the estimation of 
hese metals in blood, urine, and feces. The quantities of material 
■equired for the complete analysis are 7 c.c. of blood, 50 c.c. of urine, 
md 2 grams of dried freces. C. K. H. 

Methods of Estimating Calcium in the Blood. Experi- 
nental Control of the Methods of Jansen and of Marriott 
uid Howland. H. LABsft and G. de To.ni {J. Pharm. Ghim., 
921, [vii], 24, 247 — 255). — The titrimetrio method of Jansen (A., 
918, ii, 174) gives results of which the accuracy^ is by no means 
jroportional to the delicacy and length of the procedure. At least 
hree estimations in each case are necessary in order to obtain 
i mean value closely approximating to the actual figure, and as 
sach experiment requires 10 c.c. of blood, the amount required is 
lirly considerable, especially if deahng with children. The colori- 
netric method of Marriott and Howland (A., 1916, ii, 269; 1918, 
i, 21), depending on the decolorisation of ferric thiocyanate by 
jxalates, iS not sufficiently delicate, the variations in intensity 
)f the colour being too slight and the readings therefore more or 
css arbitrary. The filtration of the minute quantities of c.ilciim 
jxalate precipitate is ilso a weak point in t le method and nay lead 

G. F‘M. 

^ Behaviour of Ammonium Carbonate towards Magnessium. 

t. C. N. Bsoeksmit {Pharm. Weekblad, 1921, 58, 1200—1251),— 
m group analysis, addition of ammonium carbonate causes the 
irecipitation of a double carbonate with magnesium if the soluti in 
s not sufficiently dilute. S. I. L. 

A New Method for the Evaluation of Zinc Dust. Bulln- 
IHJMS {Metall u. Erz, 1921, 18, 443— 446).— The dust is ground 
® 1 it passes through a 90-mesh sieve ; 1 gram is shaken with 
in winrS ^ Erlenmeyer flask, 20 c.c. of sulphuric 

1 ( 00 grams per litre) and 25 c.c. of 3% hydrogen peroxide are 
inna .- 1 the whole is allowed to remain with 

bo eight minutes. The zinc particles 
carl dissolved, leaving only a loose metallic slime of 

iscew V, J 0^ ^0% sulphuric acid are then added and the 

oermaif peroxide estimated by titration with potassium 

(16 grams per litre) which has been stan- 
^ against sodium oxalate. For exact results, the above 
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quantities and procedure must be strictly adhered to, the solution 
of the zinc must not take more than ten minutes and the titration 
must he carried out immediately after this. A. R, p 

Estimation of Small Quantities of Zinc. M. Bodakskj 
{J. Ind. Eng. Chem., 1921, 13, 696^697).— To estimate small 
quantities of zinc in foods, etc., a weighed portion of the substance 
is treated with sulphuric acid and nitric acid, incinerated, the ash 
dissolved in dilute hydrochloric acid, and the solution filtered and 
evaporated. The dry residue is dissolved in dilute hydrochloric 
acid, copper is removed as sulphide, and excess of hydrogen sulphide 
is expelled hy boiling the solution t the latter is then neutralised 
with ammonia, treated with 10 c.c. of 50%*citric acid solution, 
boiled, small quantities of calcium carbonate are added until a 
precipitate of about 1 gi'am of calcium citrate has formed and the 
mixture is treated with hydrogen sulphide. After some hours, the 
precipitate is collected, washed with 2% ammonium thiocyanate 
solution, dissolved in hot dilute hydrochloric acid, the solution 
diluted to 45 c.c. and treated with potassium ferrooyanide solution. 
The turbidity obtained is compared with that produced by a known 
amount of zinc under similar conditions. W. P, S. 


Gravimetric Analysis. XDC. XXIV. Estimation of Cad- 
mivim. II. L. W. Wikkler {Zeilsch. angew. Chim., 1!)21, 
34, 466—467; cf. this vol., ii, 559).— The cadmium is pre- 
cipitated as cadmium ammonium phosphate, Cd(NH 4 )P 04 ,HjO, 
by the addition of a considerable excess of 20%^ diammonium 
hydrogen phosphate solution to a very faintly acid, hot, dilute 
solution of a cadmium salt containing about 2% of ammonium 
chloride. The precipitate, initially amorphous, becomes crystalline 
on keeping for an hour with occasional stirring, and after two horns, 
or the next morning if desired, it is collected, washed with 50 c.e. 
of cold, saturated cadmium ammonium phosphate solution, ^and 
finally mth methyl alcohol, and dried for two hours at 100’, it 
which temperature the water of crystalhsation is not lost. .4s a 
further check on the weight, the precipitate may be converted in 
the pyrophosphate by ignition in a platinum crucible. Inc cor- 
rcctions to be applied to the weight of CdlNH^lPOi.HjO (btameu 
arc as follows : Weight of precipitate 0-2— 0-3 gram, add O-lragri 

0- 1 gram, add 0-3 mg.; 0-05 gram, add 0-4 mg.; O'Ol gram, a® 

1- 9 mg. The prese; ce in moderate quantity of other ammonaiu 

salts, sodium or potassium chloride, etc., does not * • 

affect the accuracy of the estimation. w. by - • 

Rapid Estimation of Copper or Iron in Aluminium-Mopl*i 
or Aluminium-Iron Alloys. Pierre Hijlot [Bull, oocg - c ‘ 
1921, [iv], 29, 836— 837).— Two to five grams of the u 

ing to the expected copper or iron content, are treated#wi 
20% sodium or potassium hydroxide. The alummij*m »P . 

dissolves and the iron or copper is deposited. The m^alhc P 

is washed thoroughly by decantation, dried, and iweig c , 
results may be confiinned in the case of copper byy disso & 
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dejwsit ill nitric acid and estimating the copper electrolytieally. 
la the case of iron, the metal is dissolved in hydrochloric acid and 
estimated in the usual way by precipitation as ferric hydroxide. 

W. G. 

The Estimation of Mercury in Organic Compounds 
Hioo Baiter {Ber., 1921, 54, [B], 2079— 2081).~The method 
consists in a modification of the procedure proposed by Runp 
(.i., 1908, ii, 1073) and by Wober (A., 1920, ii, 333). ^ 

The substance (0*2 0-3 gram) is weighed into a wide-necked 
,Jena glass flask provided with a two-holcd rubber stopper carrying 
a small dropping funnel and a glass tube leading to a Peligot tube 
containing about 5 c.o. of water. Concentrated sulphuric acid 
(10 c.o.) is run into the flask (if the .substance is in aqueous solution 
it is preferable to add fuming sulphuric acid) followed by hydrogen 
peroxide .solution (30%, 3—5 c.c.), which is arlded slowly and with 
constant agitation and intermittent warming until a colourless 
solution is_ obtained; this operation is usually complete in a few 
minutes. Ibe contents of the flask and Peligot tube are rinsed 
into a small beaker, and concentrated ammonia is added in slight 
excess, after which tlie mixture is covered and heated at its boiling 
point for about three minutes to destroy the Caro’s acid formed. 
Ten c.c. of approximately A/5-potassium cyanide solution arc 
added to the cooled mixture, followed by 5 drops of potassium 
iodide solution (10%). Excess of potassium cyanide is titrated 
with 3720 silver nitrate solution. The titre of the potassium 
cyanide solution must be determined daily by diluting 10 o.c. of 
it with water (30 c.c.) adding a few drops of ammonia and potassium 
iodide, and titrating with uV /20-silver nitrate. H, W. 

Estimation of Metallic Aluminium and of Aluminium 
Oxide in the Commercial Metal. Julian H. Capps (./. Ind. 
Eiirj, Chem., 1921, 13 , 808 — 812). -The metal is dissolved in sodium 
ydroxidc or in acid in a special apparatu.s and the hydrogen liberated 
collected in a measuring burette wliere its volume, temperature, 
id pressure may be read. The volume of gas is equivalent to 
noadised aluminium, together with whatever iron is present 
hen an acid reagent is used, or with the silicon when sodium 
rdroxide hs used. The amount of the oxide content is calculated 
I difference from the estimated total aluminium present. 

S. S. A. 

Separation of Aluminium from Glucinum. Hubert T. S. 
mtion {Analyst, 1921, 46 , 359 — 36fl). — A solution of salts of the 
w metals containing not more than 0-3 gram of glucina and 
^am of alumina, is evaporated to a volume of about 25 c.c., 
Ofed, and 24% sodium hydroxide solution is added in quantity 
St sulhcieut to re-dissolve the precipitated hydroxides. The 
IX ure IS then diluted to 500 c.c., boiled for forty minutes, the 
ecipitated glucinum hydroxide collected on a filter, washed, 
filtrate is acidified with hydrochloric 
ana the aluminium precipitated as hydroxide by the addition 
ammonia. WPS 
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Colorimetric Estimation of Iron in Silicates with 
Ammonium Thiocyanate. Josef Matejka [Chem. Lisly, 1921 
15, 8 — 13; cf, Thomson, T,, 188.5, 47, 493). — One to 2 c.c. of j 
standard iron solution (containing ferrous iron equivalent to 0 01 
gram of ferric oxide per litre of 0-5% sulphuric acid), 8 c.c. of a 
mixture of 1 part of 10% nitric acid with 3 parts of 10% citric acid 
solution by volume, and 8 c.c. of 10% ammonium thiocyanate 
solution are diluted to the 20 c.c. mark in a colorimetric tube. 
Two similar tubes contain similar quantities of the same solutions, 
with the exception of the iron, diluted to about 19 c.c. The solution 
of the pyrosulphate fusion of the silicate in 0-5% sulphuric acid, 
having been diluted to 250 c.c., is added drop by drop to one tube 
until equivalent coloration is attained ; on repeating the process, 
it is necessary that the final volume in the tube should be exactly 
20 0 . 0 . It is essential that the thiocyanate should be present in 
excess, and that its concentration should be the same in both tubes 
(of. Tatlook, A., 1888, 90). Potassium sulphate and potassium 
hydrogen sulphate cause a reduction of the intensity and change 
the colour from pink to orange. Sodium, magnesium, calcium, 
and titanium chlorides aind aluminium salts have a detrimental 
effect. The interference of all these salts is, however, inappreciable 
if the solution to be tested is sufficiently acidified with nitric and 
citric acids before the addition of thiocyanate. The method is 
euuallv as satisfactory as that of Lunge {Zeitsch. angew. Chm., 
1880, 3). Chejiical ABST.tcTS. 


A Simple, Exact, and Rapid Electrolytic Estimation oi 
Cobalt in Ammoniacal Solution and its Application to Cobalt 
Nitroso-p-naphthol. K. WAa£X?.T.ANN (JUidl u. Erz, 1921 , 

18, 447 449). — Cobalt may be rapidly and accurately deposit'd 

electrolytically on a rotating double platinum gauze cathode willi 
a current of 5 amperes from a solution containing 5 grams oi 
ammonium chloride, 30 c.c. of strong ammonia, and not more than 
0-1 gram of cobalt as sulphate in a bulk of 125 150 c.c. Iri order 
to obtain bright, strongly adhering deposits, the cathode is rotated 
at 600—1200 revolutions per minute and 0-8— 1-0 gram of hydrazine 
sulphate is added a little at a time during the electrolysis wte 
is complete in forty to forty-five minutes. Precipitation of cobalt 
with nitroso-3-naphthol and direct ignition of the precipitate to 
Co,0, usuaUy yields slightly high results due to inclusion of traco 
of iron, alumina, and copper, if present. The 
be dissolved in fused alkali hydrogen sulphate, and the soluton 
treated with ammonia and ammonium chlonde. and ekctro^scQ 
as described above. 

Volumetric Estimation of Tin with Potassium Bromate^ 

V, Velich {Chem. lAsly, 1921, If- Sift mow 
method as proposed by Fichter and Muller (A., 1913, 11 , '. J j , 
fully developed. The reduction of solutions of stannic ^ 
in preparation for titration is best conducted m ^ ^ 


preparation for titration is t>esi^ cuiiuu<.i«u ux - • f 

provided with a Fresenius stopper, an inlet tube for the ad 
fiquids, and an inlet tube for the continuous passage ot 



ANAIYTICAL CHEMISTBY, 


ii. 659 


iioxide. Aluminium is the best reducing agent, but in the estima- 
tion of 1'*'* ® alloys the presence of nickel during the reduction Wth 
luminiu™ aids materially. Metals which are precipitated during 
Jtie aluminium reduction and do not redissolve in hydrochloric acid 
jre removed by filtration through an asbestos mat under reduced 
oressiiK and in an atmosphere of carbon dioxide to prevent re- 
osidation. It is best to use a 0'2A' -solution of potassium bromate, 
tent in an atmosphere of carbon dioxide, for the titration. Various 
indicators (oxazines, thiazines, and azmes) were tried. Capri-blue 
(LI is the most suitable for this reaction. The above method gives 
-atisfactory results for the estimation of tin in relatively pure 
oreparations and in alloys if these contain less than 0’3% of iron. 

^ Chemical Abstracts. 

Estimation of Vanadium in Ores and Metallurgical 
products. B. B. Schaal (J. Ind. Eng. Ckem,., 1921, 13, 698— 
ggg) .-From 1 to 5 grams of the ore arc boiled with 60 c.c. of hydro- 
Uoric acid, 5 c.o. of nitric acid and 2 c.c. of hydrofluoric acid are 
ten added and the mixture is evaporated to dryness; in the case 
f ferrovanadium, a similar procedure is used to obtain the metal 
1 solution, but the hydrochloric acid is added after the other acids ; 
teel is dissolved in hydrochloric add and the solution evaporated 
lith the addition of nitric acid. The residue obtained as described 
i tmee evaporated with the addition of hydrochloric acid, then 
liisolvcd in hydrochloric acid, and the solution diluted and filtered, 
lire filtrate is treated with 60 c.c. of 15% ammonium pliosphate 
(oiution and ammonia is added until a precipitate of ferric pliosphate 
.! formed; the latter is dissolved in a slight excess of hydrochloric 
icid, the wliole mixture is diluted to 300 c.o., and titrated with 
standard potassium permanganate solution. W. P. S. 

Solidifying Rate of Paraffins. K. Bricke (Ckem. Zeil., 1921, 
45, 891—892). — To ascertain the suitability of solid paraffins for 
tandle-making, the author determines the solidifying rate or period 
itquircd for a melted paraffin to form a mass sufficiently hard to 
support a given weight. One hundred grara.s of the paraffin are 
melted at 65° and poured into a metal dish, 1 1 by 6 cm. and S-o cm. 
in depth, and containing a thermometer. As soon as the first signs 
of solidification arc noticed, the time is noted and after a further 
fifty-five minutes the lower end of an iron rod, 19 cm. square and 
ifighing 205 grams, is placed on the surface of the paraffin 2'5 cm. 
from the side of the dish. The rod is supported vertically and 
titries a weight of 2 kilos. If the end of the rod sinks into the 
isiaffin, the test is made again after five minutes, and so on, until 
th depression made by the rod is negligible. A suitable paraffin 
"ill solidify to this consistence within .sixty-five minutes. 

W. P. S. 

Detection and Estimation of Coal-tar Oils in Turpentine. 

^ E. Grotlisoh and W. C. Smith (J. Ind. Eng. Ghem., 1921, 13, 
‘Sl-lOS).— One hundred c.c. of the turpentine are saturated with 
oydrogen chloride at a low temperature, the pinene hydrochloride 
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formed is separated by filtration, and the filtrate is distilled under 
redJbed pressure until about 25 c.c. of distillate have been obtained ; 
any tar-oils (toluene, xylene, and commercial solvent naphtha) present 
are thus concentrated in this distillate. The latter is added slowly to 
100 c c of sulphuric acid containinj^4% of free sulphur trioidcle, the 
mixture is then heated at 70° tor twenty minutes, cooled, diluted 
with water, and distilled with steam. Pure turpentine yields about 
O-o c.c. of yellow oil, above 1-500 ; if mineral oil is present it is 
recovered at this point and is identified by its odour. When oil 
ceases to distil, the steam supply is disconnected and the mixture 
distilled directly, warm water being added drop by drop at such a 
rate that the temperature of the mixture rises gradually. Hydro- 
lysis of the sulphonated hydrocarbons commences at 11.5° and the 
free hydrocarbon distils; the distillation is stopped when the 
temperature approaches 170°. The volume of oil recovered in the 
distUlate is multiplied by 2-2 to obtain the percentege amount of 
coal-tar oils in the sample, and these oils may be identmed by tlie 
usual tests (nitration, etc.). The method is not trustworthy in 
the case of wood turpentines as the use of high temperatures in the 
distillation of the wood converts a portion of the terpenes into cyclic 
hydrocarbons. 

Estimation of Volatile Alcohols. Ad. Grun and Th, Wihth 
(Zeilsch. DciU. Oel-Fdl. Ind., 1921, 41 , 145-147).-To 0-5 to 1 grim 
of the sample in a 100 c.c. flask arc added o— 10 c.c, of lauryl ch or* 
prepared by distilling a mixture of lauric acid with phosphorus 
trichloride or pentachloride. The flask is plugged with cotton-wTOl, 
kept at about 60° for one-half to three hours, the contents arc thm 
shaken with 50 c.c. of water, boiled for one minute, cooled, extracted 
with ether, the free lauric acid is neutralised, and the ester quanti- 
tativelv hydrolysed wth potassium hydroxide. Simple, reacuh 
volatile alcohols can be accurately estimated, but such subslancei 
as geraniol and methylnonylcarbinol require to be kept for three 
hours at 60°. Secondary alcohols the hydroxyl group of which is 
attached to a ring carbon atom, for example, menthol, andterliary 
alcohols do not, however, yield satisfactory results. 

CuEliITCAL AbSTKXCTS. 

Estimation of Alcohols and Phenols in Ethereal Oils by 
Esterification with Pyridine. H. W. van Urk (Pharm. llw’- 
hlad 1921, 58 , 1265 -1269).— Verley and Bolsing s method 
1902 ii 54) has been examined for menthol, eugcnol, * 

oils. ’ In no case does the method give very exact results bu 
given conditions under which quick determinations may be made 
for santal oil and eugcnol with fair approximation. »■ l ■ 

A Method for the Estimation of Sugar 

Stanley R. Benedict and Emil Ostekberg (/. fim/- ■ 

Is, 51-57 ; cf. also A., 1918, ii, 246).-By ehmmation, by the 
acetone, of the confusion due to the presence 
picric acid method of sugar estimation of Ixwis 
1915, ii, 111) is made applicable to urine. The addition 
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destroys the colour produced by creatinine, whilst leaving un- 
affected that due to the sugar. C. R. H. 

Estimation of Lactose in the Presence of other Reducing 
Sugars. L. L® Gbaud (Am. Fakif., 1921, 14, 268—269). — In 
using Barfoed’s method (this vol., ii, 3.55) for the estimation of lactose 
in milh, the sugar solution should be diluted so that the concentration 
of alkali or alkaline-earth salts doe.s not exceed 0-1% ; when these 
salts are present in greater concentration, basic salts are precipitated 
and interfere rvith the estimation. W. P. S. 

Revision of the Optical Method for Analysing Mixtures of 
Sucrose and Raffinose. C. A. Browne and C. A. Gamedb 
(,/. /«(i. Eng. Chem., 1921, 13 , 793 — 797). — Owing to the change in 
the Herzfeld divisor of the Clerget formula for estimating sucrose 
from 142.66 to 143, a rovi.sion of the Creydt formula for analysing 
mixtures of sucrose and raffinose is necessary. On the basis of the 
invert factor —0-33 for sucrose and -f 0-514 for raffinose, and 1'852 
as the ratio of the speeffio rotation of sucrose to that of raffinose, 
lie ncroentages of sucrose (S) and of raffinose (Ii) in a mixture are 
[ouiid by the formulae : >8— O-oM, P—P'jO'Mi, and B=0.33 P-f 
P' loOS, where P and P' are the direct and invert polarimetric 
readings at 20° of a normal (.sucrose) weight solution of the mixture. 
General formula:, applicable at all temperatures, are as fol- 
low : S=P(0.478xO-0018«)-P'(l-006 -0-00037’)/(0.908 - 0.00320 
(I'OOe -0-00037') and P=P(0.43-0-0051)+P'(1-006-0.00037’)/ 
(I'CSl-O-OOSOt) (I'OOO— 0.00037’), where T is the temperature of 
tie direct polarisation and t that of the invert polarisation. 

W. P. S. 

The Use of Taka-diastase in Estimating Starch. Edward 
Hohton (,J. Agric.. Sci., 1921, 11 , 240 — 257). — The results of much 
experimental work on the estimation of starch by hydrolysis with 
tah diastase are recorded, and show that the method is not ahvay.s 
tnistivorthy. The quantity of enzyme suggested in the original 
method (Davis andQ|isch, A., 1914, ii, .588) seems insufficient. 
\arious commereial^^iples of the enzyme gave unsatisfactory 
■fsults, and samples were prepared by the growth of Aspergillus 
'ffce on sterile bran and on Munter's medium. The activity of 
lie enzyme so prepared increased until the seventh day of growth 
md then declined. The use of asparagine as the source of nitrogen 
B the medium tends to produce a more active enzyme. On the 
rtole, laboratory prepared samples gave no better results than 
»mmercial ones. Discordant figures are obtained if different 
kiafying agents are used previously to the final sugar estimation, 
the addition of malt diastase docs not increase the total starch 
•gore, but raises the ratio : dextrosc/maltose. The cause of the 
'“atisfaetory results is not clear, hut although evidence is somewhat 
itmflieting, the theory that it is due to the persistence of dextrins 
las the greater weight. Control experiments with the enzyme used 
ii'ud be made on pure starch with each set of estimations. Results 
’ll this basis are fairly trustworthy. A. G. P. 
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Precipitation of Solid Fatty Acids with I^ead Acetate i 
Alcoholic Solution. E. Twitchell (J. Ind. Eng. Chm., 1921 
13, 806 — 807). — The following procedure is recommended for the 
estimation of solid fatty acids in a mixture of fatty acids. 
grams of the fatty acids from an oil, or 2 grams of the fatty acid, 
from a fat, are dissolved in 95% alcohol, the solution is boiled and 
To grams of lead acetate dissolved in boiling alcohol are added, 
the total volume of alcohol used should be 100 c.c. The mixture 
is cooled slowly to 15", and, after about eighteen hours, the pre 
cipitate is collected on a 6lter and washed with alcohol until tie 
filtrate ceases to give a turbidity when diluted with water. Itf 
precipitate is now dissolved in 100 c.c. of boiling alcohol eontainipj 
O'O c.c. of acetic acid, the solution cooled, and the precipitate again 
collected, washed, transferred to a separating funnel, and shakpn 
with ether and nitric acid ; the ethereal solution is separated, washed 
evaporated, and the residue of fatty acids weighed. Fatty acids 
from different oils yielded the following quantities of solid fattv 
acids: Cotton-seed oil, 23-13% ; soja bean oil, 17-01%; olive ui. 
10-93%; earth-nut oil, 16-58%; lard, 40-02%; partly hydro! 
genated oottou-seed oil, 50-62% ; tallow, 53-62%, The iodine value 
of the solid fatty acids was less than 1-0, except in the case of the 
hydrogenated cotton-scod oil (42-21) and the tallow (4-38). W.P.S. 

Identification of Tartaric Acid in Wines. L. JIathiev 
(Ann. Falsif., 1921,14, 281 — 283). — Amyl alcohol extracts a portion 
of the free tartaric acid from wine, but not potassium hydrop-n 
tartrate or calcium tartrate. Twenty c.c. of the wine ai-o shaken 
with 20 c.c. of amyl alcohol, the latter Ls separated and shaken with 
20 c.c. of water, and this aqueous extract is evaporated to dryness; 
the residue obtained is dissolved in 5 c.c, of water and the solution 
is treated with one drop of calcium chloride solution (lo grams of 
calcium chloride and 40 grams of ammonium chloride per litrel 
and 2 c.c, of i-ammonium tartrate solution. A precipitate ol 
calcium racemate forms at once if the wine contained 0-5 gram, 
or more, of free tartaric acid per hire. W. P. S. 

Rapid Method for the Estimation of Hippuric Acid in Urine 
F. B. Kingsbury and W. W. Swanson (./. Biol. Chem., 1921,48. 
13 — 20). — The authons describe a modification of the method of 
Folin and Flanders (A., 1912, ii, 396, 501) for the estimation of 
hippuric acid, by v'hich, without sacrificing accuracy, the time 
necessary for the e.stimation is reduced from nine hours to between 
two and three hours. C. R. H. 

Determination of Watering and Creaming in Samples 0 ! 
Altered Milk. G. Asuoyeb (Comp, rend., 1921, 173, 5S8-- 
589). — It is shown that the coagulum of .sour milk, when freeii 
from fat and mineral matter, contains 15-6% of nitrogen, riim 
the method of Kling and Roy for the analysis of samples of so® 
milk may be modified. The sample, after the addition of a litt.f 
acetic acid, is filtered on a tared filter and washed with wa ft. 
The coagulum is dried, extracted with ether, the fat being so 
quently recovered and weighed, again dried, weighed, and inc® 
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orated. In 1*^® filtrate and washings the total ash and the soluble 
nitrogen are determined. From these data the jrercentages of 
fat, casein, and ash in the original milk can be calculated and 
any adulteration detected. G. 

Detection of Formaldehyde by Resorcinol and Sulphuric 

Acid. Robert Cohn (C’Aem. Zeit., 1921, 45, 997— 998).— Krauss 
and Tanipke’s method (A., 1921, ii, 4f)(i) for the simultaiieou.s detec- 
tion of tartaric, oxalic, and formic acids hy resorcinol and sulphuric 
acid has the disadvantage that the reaction is much more sensitive 
for the detection of tartaric acid than it is for the detection of 
oxalic or formic acid, and, consequently, it cannot always be applied 
for the detection of formic acid in food. In order to determine 
ivhether the formic acid reaction is influenced by the presence of 
other organic preservatives which are volatile with steam, the 
behaviour of formaldehyde with rtsorcinol and sulphuric acid was 
e.xaniined, and it was found that this reagent is very sensitive for 
the detection of formaldehyde. Two c.c. of 0'1% aqueous pure 
resorcinol solution arc shaken with an equal volume of the distillate 
to be tested and about 2 c.c. of concentrated sulphuric acid are 
then added so as to form a layer below the solution. In the presence 
of formaldehyde a ring of white Hocks with a violcl red coloured 
base is formed at the j unot ion of the two liquids. After some time, 
the zone of white flocks increases upwards and a red precipitate, 
insoluble in water, separates. The reaction is immediate when the 
solution contains 0-01 gram of formaldehyde per 100 c.c., and is 
still distinct with only O'Oo mg. of formaldehyde. In the latter 
case, the violet-red ring may be faint, but the separation of the 
characteristic white flocks, which increa.se in quantity on keeping, 
ii distinct. In presence of formic acid, oxalic acid, and tartaric 
acid, the ring of white flocks with a violet-red coloured base is 
formed first, although the violet-red colour may be masked by the 
brtfflti formic acid ring; below this is the blue oxalic acid ' ring, 
and fflien the lower part of the (uhe is heated carefully, the deep 
ml tartaric acid ring is formed at the bottom. When the test is 
:tarried out as described above with other aldehydes or their deriv- 
sti'c.s, a characteristic zone of white Hocks is also prodiict'd, but a 
ifferoiit coloured ring is formed at its base. Tims, benzaldehyde 
ites an intense yellow, acetaldehyde deep green, he.xainethylene- 
rtramine greenish-hrowm, and dilute fiiiiiiraldehyde solution 
'ack-violet. F M R 

Separation of Aliphatic Amines from one another and from 

|nunonia, Haetwig Fsaxzen and Aetcr Schneider {Biochem. 
'f™- 1921, 116, 195— 207).— For the investigation of the 
uatile bases of plants, a method tor their quantitative separation 
necessary. This can be effected as follows. Ammonium chloride 
hydrochloride are insoluble in chloroform, 

; 1 the hydrochlorides of di- and tri-methylamines are soluble, 
e ammonia ami monoinethylamine can be separated by addition 
rcatl B^®rcuric oxide, which, provided the ammonia be not 
y in excess of the methylamiue, combines with ammonia 
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alone. Di- and tri-methylamines can be separated by treatment 
with iodine in potassium iodide solution, which precipitates the 
trimcthylamine as periodide. H. K. 

Behaviour ol Nevralteine with Quinine Salts : Easy Method 
for its Identification. Mawo Cabdini {Boll Chm. Farm., 1921, 
60, 253 — 258).— The following reaction has been tested with all 
the antipyretics at present in use, and is found to be given only 
by nevralteine (sodium p-phenetidinomethanesulphonatc) : a 
small quantity (0-02 gram) of the substance and 0-01 gram of 
quinine hydrochloride or sulphate are treated together in a porcelain 
dish with a drop'of water, a characteristic reddish-yellow coloration 
being obtained with nevralteine. T. H. P, 

Rapid Estimation of Carbamide in Urine, Blood, and other 
Physiological Fluids. H. Stkohmasn and S. Flintzee [ZiMt. 
inn Med., 1921, 42, 545-562; from CJwm. Zentr 1921 it, 

403 494 ] An examination of the methods of Jolm and his 

oo-workers (A., 1919, ii, 308). Difficulties in the hydrolysis by 
means of urease may be avoided by using smaUer amounts of 
material (= about 0-2 gram of carbamide mtrogen) and working at 
greater dilutions. On account of the errors consequent on tie 
smaU amounts of nitrogen to bo estimated, the older method of 
MarshaU (A„ 1913, ii, 640) was tried . It gave more concordant 
results but demanded longeu^tiine. Using 10 c c. of blood ffltrate 
(instead of 5 e c. as in Folin’s method), the liquid may be nosslensed 
directly after hydrolysis if the same amount of ferment extract is 
added to the liquid used for comparison. The method to be 
adopted for the preUminary removal of protein wi 1 vary according, 
to the liquid under examiiiatio an 1 the amount of protcm^itiant. 

Tvuical Reaction for the Difierentiation of Carbazole 
De^atives. A. V. Blom (Hdv. C him. Acta 1921, 4, 62o),- 
A number of examples are quoted to show that the colour developed 
on the addition of nitric acid to a solution of a derivative of carbazole 
is characteristic, and serves as an excellent criterion of 

Comparison of Methods for Estimation of Uric Acid ii 
Rlood^^ PiETKO Burn {Rir. osp., 11, 29-40; from Ctou. ^ r. 

1921 iV 493 ) —The methods of Ludwig-Salkowski Schittenlielm 

results. The second method wouU appear 

worthv A modification of the Kowarski method (p r 

of the^proteins by sulphosaUcylic acid, X^waslmg 

of ammonium chloride into ammomum g 7 . 

with ethyl alcohol-acetone estimation f W 

passable results, but was less accurate than t ^ 

named. 




